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The Fifteenth Annual General Meeting of the Members of this Asso- 
ciation was held in London, on Tuesday, the 18th, and Wednesday, the 19th 
of June, 1878, at the Booms of the Society of Arts, John Street, Adelphi — 
CoBBET WooDALL, Esq., M.I.C.E., the President, occupying the chair. 

Tuesday, June 18. 

The Pbesident took the chair at ten o'clock this morning. 

The minutes of the last general meeting, and the statement of accounts, 
which had been preyiou^y printed and circulated, were taken as read, 
and confirmed. 

New Members. 

The Secbbtaby (Mr. W. H. Bennett) read the following Ust of names of 
gentlemen applying for membership : — 

OBDINABT MEMBERS. 

Broadberry, W. F Southend. 

Canning, T Newport, Mon. 

Carpenter, S Bow Common. 

Carter, H.W Winsford. 

Chapman, J Harrow. 

Chester, W. R Greenwich. 

Culver, G Hythe. 

Daley, W Invercargill, N.Z. 

Darney, B., jun Bournemouth. 

Davis, G. J Birmingham. 

Dawson, W. C Arundel. 

Dozell, H London. 

Halkett, B Bicester. 

Irvine, G Bipon, Yorks. 

Latchford, W. J Broadstairs. 

Leather, J. P. Burnley. 

Linging, F. E Norwich. 

Marshall, F. D Brentford. 

Newton, A Hong Kong. 

Palethorpe, W. W Doncaster. 

Parker, G Oakengates. 

Parsons, S Bury. 

Sheppard, T. L Famworth. 

Shonoridge, S. Y Birmingham. 

Walker, J. Colney Hatch. 

Wilshaw, W. G London. 

Wilson, B Croydon. 

Wood,W Colnbrook. 

Yates, E . Shaftesbury. 

extba-obdinaby membebs. 

Booth, J Hazelhurst. . 

Chandler, J London. 

Chandler^ Q. London. 
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EXTKA-OBDINABT MEMBEB8 {eonHnued). 

Davies, F London. 

Davis, Q-. E Manchester. 

Biohardson, W Newcastle-on-Tyne. 

Stephenson, A London. 

Wallace, B. W London. 

Woodward, J Manchester. 

Young, J. B Newcastle-on-Tyne. 

On being pat to the vote, the whole of the above were unanimously 
elected Members of the Association. 
The President then proceeded to read the following 

INAUGlfBAL ADDBESS. 

Permit me, before proceeding to the business of our meeting, to express 
my cordial thanks for the honour you have done me in electing me to this 
chair. I regard the position of President of the British Association of 
Gas Managers as the highest open to members of our profession, as such, 
and I value accordingly the confidence you hftve been pleased to repose 
in me. 

I occupy the chair this mondiig with much of personal misgiving, but 
with strong confidence in your generous help. I earnestly hope that this 
may prove not the least interestmg and profitable of the gatherings of our 
Association, and that throughout there may be manifested a vigorous 
interest in the matters under consideration, combined with perfect 
harmony and mutual respect. 

I have felt for several years past that the time at our disposal for these 
annual meetings is too short ; very soon I hope it may be possible to extend 
the three days to at least four. In the meantime, in order to get the 
TfraxitymTn of advantage out of our short session, it is necessary that all the 
time possible should be given to the papers and discussions, and it is ta 
this end especiaUy that 1 shall need to ask your watchful and constant co- 
operation. Our formal and official business must necessarily occupy some 
rather considerable time ; but, I venture to suggest, not so much as it has 
occasionally done. I hope also that gentlemen who purpose speaking on 
any j>articmAr subject will immediately avail themselves of the first oppor- 
tunity for so doing. 

It is very gratifying to observe the continued growth and prosperity of 
our Society. The success which has attended it throughout has been 
remarkable and uninterrupted, and our numbers have increased so rapidly 
that we shall soon be shut out from the possibility of obtaining more 
recruits, because all the men will have been enlisted. We find also less 
difficulty in obtaining papers ; the quality of the communications is fully 
maintained, and our discussions become more general. 

Our members last year, according to the list published with the pro- 
ceedings, were — i 

Honorary Members 10 

Ordinary „ 579 

Extra-ordinary Members 48 

InaU 637 

Of that we have since lost — 

B^ the operation of Bule XXXVII 8 

Withdrawn 7 

By death 2 

17 

Leaving; at the commencement of this 

meetmg a total of 620 

We have now added — 

Honorary Members 6 

Ordinary „ 29 

Extra-ordinary Members 10 

Old Members reinstated in the list on pay- 
ment of arrears 2 

46 

Totia • 666 



I*]i6 meinbers whom death has removed were Mr. John Holloway, of 
SjDiringfield, in trelaiid, and Mr. John Bofe. I had not the pleasure of 
knowing 'personally either of these gentlemen, but the name of Mr. Kofe 
had been familiar to me from the commencement of my professional life. 
Those who knew him wdU i^peak with respedt of his aoility, and with 
esteem and affection of his personal character. He was for a quarter of a 
century Engineer to the Preston Gas- Works, but retired from that position 
some years ago because of failing health. Our Association testified ItiEf 
rfespect for Mr. Rofe by electitig him, in 1864, one of its first Honotary 
Members. 

9^^ muster-roll is such as few scientific or technical societies can 
point to, skh the growth of 60 short a period, and it is one of which we may 
be justlj proud. At the same time it puts upon us an obligation to 
futnish fruit worthy of so fair a tree ; for a crop that would be creditable 
to a young vine in its early days, would be unworthy of it when a dozen 
yeats in passing had helped it to maturity of strength and vigour. 

Of the fruit already borne, not the least important, in my opinion, id 
the foundation, in various parts of the kingdom, of district Associations, 
with objects similar to our own. 

Our Society is perhaps young to undertake the cares of maternity; but a 
mother^ fihe is, and that of a rather large family. The anxiety of the 
parent is less than it might have been, because the children are so remark- 
ably strong and healthy — ^indeed^ they remind one of that prodigious birth 
recorded in classic story, when Minerva issued full-armed from the brain of 
Jupiter, rather than the ordinary and prosaic method, so little have they 
zhanifested of the dependence and weakness of infancy. 

That these Associations may prosper abundantly we all truly hope. 
They have one material advantage in oeing able to meet more frequently 
than is possible with us, the members having to be drawn from shorter 
distances. These more frequent meetings not only give time for more 
careful consideration of the subjects brought forward, but they also tend 
to the formation of friendships, most useful and pleasant, among men who. 
though living near each other, might, without such aid, remain as perfect 
strangers as next-door neighbours are supposed to be in London. 

As to the influence of these Societies upon our own, I entertain no fear 
that it will be anything but favourable. The stronger the individuals 
become, the better for the body in which they are united. The one evil 
that occurs to me as possible is, that members, finding it impossible to pre- 
pare two papers, may ^ve preference to local claims, and we may run snort 
m consequence. This is not likely, but, to put it out of question altogether, 
I would BU|^gest that each District Association should charge itself with the 
responsibihty of furnishing from among its members at least one paper 
annually to the parent Society. If this suggestion be adopted, not only 
shall we be sure of abundant matter, but there will be an element of 
friendly rivalry introduced that must have a beneficial influence on the 
quality. 

Some concern has been expressed on recent occasions at the fact that 
our financial balance has shghtly diminished. Although the accounts of 
the past year show an improvement in this respect, yet it is not a consi- 
derable one, and I venture to ask that there may be a still larger response 
to the invitation given by our past Presidents, that such members as can 
afford it will increase their subscriptions to a guinea. I do not ask this 
on the groxmd that it is desirable to increase our reserve materially, but 
because we should be lifted beyond the necessity of discussing reduction 
of useful expenditure, and because also we have by no means reached the 
limit of profitable spending. This is a matter that has never caused me 
the least concern, because I know that we all feel too deep an interest in, 
and affection for, our Society to allow it really to suffer on this ground. 

Looking at the enormous importance of the gas industry now, it is hard 
to realize that the generation which saw the incorporation of the first Gas 
Company has not yet passed away. (Our astonishment is not diminished, 
but increased, when we remember that the same is true of the railway 
system, and many other of the great industries ^ving employment to the 
Oivil Engineer.! Year by year, with steady strides, the demand for gas 
has adviuiced, and with it the demand for gas-makers. In the earliest 
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days of gas lighting, men had to feel their way step by step, and many 
years were oocupiea in bringing the manuiaoture to anything like a com- 
plete system. For a long time the business of gas-maldng was regarded 
By the general public as something secret and mysterious, and the 
management was in the hands of a very Ignited number of men. By 
degrees, however, this condition of things has been altered, and the study 
of the construction and management of gas-works is as open as any other 
branch of engineering to whoever chooses to enter upon it. 

I make these remarks because I wish — ^treading in the steps of several 
of my predecessors in this chair — ^to draw the attention, especially of our 
yoxmger members, to the growing necessity for thorough preparation on 
the part of those who are to follow, and obtain success in the profession 
of Gas Engineering. I say nothing on the question of early education ; 
that is a matter over which the student has usually little control. Happy 
is he whose parents are able and willing to afford him a good one ; for the 
youth whose mind has been trained to concentrated and systematic work, 
starts with as great advantage over one not so fortunate, as in a race a 
public-school athlete would have over a ploughboy. But it is after school 
has been left behind, and actual work has been commenced, that a man's 
training frequently begins. Under the spur of felt necessity, of active 
competition, he can do much in his hours of leisure to fit himself for a 
successful career, and under such stimulus the ploughboy does sometimes 
come to the front. But remember, gentlemen, it is not cls the ploughboy. 
The men who ** make their own way," in spite of early disadvantages, do 
so at a cost of labour and toil out of proportion to what it might have 
been, and honoured should they be in the same degree. All such men 
put a high value upon early inraining, and rea^y adxmt that they would 
have been the better for it. The early years lost cannot be made up for : 
duties and responsibilities grow, and a man finds his time fully occupied 
in meeting these, and none left for catching up arrears. I readUy admit 
that this has always been the case. What I urge is, that the question of 
training becomes year by year of greater moment : ** rule of thumb " less 
possible; and, to quote a remark of Mr. Bruce Bell, " an uneducated engi- 
neer is as likely to succeed as an xmeducated schoolmaster." 

In our case, the growth of the business of Gas Companies involves the 
necessity for works of constantly increasing mafi;nitude, and this again 
brings a4ded responsibilitieB in management ana control, as well as the 
necessity for further acquaintance with the principles of construction, 
while the demand for refinements of purification, coupled with the obliga- 
tion to avoid offence on the works, makes still further demands on the care 
and ability of the Manager. 

Then also the Legislature has from time to time, as the natural develop- 
ment of our industry and the improvements and economies effected by 
the Companies have rendered it possible, reduced the maximum price 
chargeable for gas ; every such reduction making it more imperative that 
those interested with the management should be alive to the progress 
effected, should know what is being done by others, and be capable of 
comprehending and applying for themselves processes which tend to 
improve or cheapen production, and thus to the advantage of their 
employers and the public. In short, gas-making is in the same category with 
all other great industries of a scientific nature in this respect, that year 
by year the demand upon those who conduct it, for increased intelligence 
ana skill, becomes greater; while the steadily improving character of the 
general education of the country causes the race to be keener and the 
competitors to be more in number for the prizes which it has to offer. 

To help us carry forward our profession, at least in line with the general 
progress around us, is the mission of this Association, and although it 
cannot take the place of individual effort, it can, and does, worthily 
second it. 

If such is the work of our Society, it has an interest and a value to Gas 
Companies as well as to ourselves, and I am very glad to know that this is 
now widely recognized. I would strongly advise all members who ar^ 
Managers of works to make a point of specially reporting to their Com- 
mittees or Directors upon the work done at each of our sessions. In this 
way an intelligent interest in our proceedings wiU be maintained, and 



employers will see that the money spent in paying their officers expenses 
to our meeting is well invested. 

The subject of remuneration is one that I feel we can do little good by 
discussing here. It is one to be settled by the two parties to the engage- 
ment, and will be governed, to a large extent, by tne law of supply and 
demand in the first place, and by the proved value of the officer nunself 
subsequently. There is one aspect of the question, however, upon which, 
with your forbearance, I will say a few words. 

In the JoTTBNAL OF Q-AS LioHTiNO, No. 715, appeared the following 
remarks : — 

** It seems to be a common belief that all gas officials are highly paid, 
but no grosser delusion ever prevailed. There are a few — ^very few — who 
receive well-earned, large salaries ; but we repeat, wi&out fear of contra- 
diction, that a vast majority of Gas Managers are most inadequately 
rewarded. They are required to know something of many arts, and 
several sciences. They can hardly be said to have peace night or day, 
and, at times, their duties are of a most onerous character; and when they 
have done alL, they often receive less than a banker's or a merchant's 
clerk, who has only to make entries and add up figures from ten to four 
o'clock. Struggling Companies mav have some excuse for parsimony; 
but, if we might select some of the worst oases of inadequate pay- 
ment^ we should take them from our corporate towns. Here, too, it may 
be said, there is an excuse, for we have recently read of indignation meet- 
ings being held to remonstrate against the addition of £50 a year to the 
Biuaiy of a most valuable ^as officer. 

** We feel bound to insist on this matter, for, in our opinion, it lies at 
the bottom of all the mischief of which complaint is now made. Pay a 
man well, and then you may expect or require him to be immaculate. It 
is, from a moral point of view, sad to think that men require to be bribed, as 
we might say, to be honest; but such, in a Hmited sense, is the fact. Tou 
must place men above temptation before you can expect them to resist it." 

This, as many will remember, formed part of an a^cle dealing with the 
question of the payment and acceptance of commissions, which had been 
raised in the columns of The Times, and other papers, and was continued 
in the Joubnal. I refer to it here from a conviction that the subject is one 
that materially affects both our reputation and our prosperity. That in- 
adequate salaries justify the acceptance of commissions, no one here will, . 
I think, maintain ; but that they increase the temptation cannot be ques- 
tioned. 

I wish, however, to point out that, while small salaries tempt to com- 
missions, commissions tempt to small salaries. It does happen, and will 
continue to happen so long as the system remains at aU, that some men 
will be found willing to accept duties at inadequate remuneration, pur- 
posing to make up by this means, while those who decline commissions 
nave to be content with such salaries as would be accepted by the former 
class. The restriction of salaries is not the only wron^ the system does, 
for it brings undue suspicion on those who do not join in it, and makes 
possible wholesale charges of a most unjust nature. 

The acceptance, by a paid agent of a principal, of fixed or more or less 
well understood per centages on the value oi goods purchased, or con- 
tracts made, is as morally indefensible as any system of bribery, and yet 
who does not know how plausible are the arguments used by those who 
offer them ? It is pleaded that they are only a deduction from the profits, 
and no loss to the principal whose agent receives them. But I would ask, 
supposing these payments to be abolished, by what special arrangement 
of political economy would competition be prevented from reducing prices 
by their amount ? 

In a leading article in Tlie Times of the 6th inst. appear the following 
passages: — "The practice of receiving commissions has been pronounced 
illegal in every way, and this in terms which will make it impossible for 
any man to meddle with it with a notion that he can be acting honestly. 
A usage, however prevalent, which is declared to be corrupt in itself, and 
opposed to common morality, must be held to go far beyond the doubtful 
border-line at which impropriety be|;ins. The man who can receive a 
commission, and not be biassed by it, who can form as independent a 



jndgmeni as if he himself had no personal stake in the matter, and can 
look after his employer's interests as sincerely as if he had not heen paid 
for betraying them, must be so rare and so saperhuman an exception, that 
the Queen's Bench Jndges were fully justified in not enlarging the law on 
his account. Jt is obvious, too, that to one side or the other a commission 
must be uniust. If the receiver of it does the work he is paid for, it is his 
principal who will suffer. If he takes it and does nothing for it, it is hard 
to see what sort of defence he can make for putting it, thus unearned, into 
his pocket. But, whatever the exception may be, there is no doubt as to 
the rule which will hd^d good in ninety -nine cases out of one hundred, if 
not in the hundredth too. His judgment, if he cares to think about the 
matter at all, will be influenced in the way intended, and he will give 
advice which is not the best, orwiU accept terms which are less favourable 
than they might have been. The arbiter who receives a bribe is not held 
to be excused, even if he can make out that he has remained indifferent in 
spite of it. There was a breach of trust committed in the mere receiving 
it, and it is idle in such a case to speculate on what the after consequences 
may or may not have been." 

I must ask your indulgence for entering on a subject so delicate, and in 
many ways distasteful. I have done it because I felt that to pass it by 
was the graver fault. 

I know that there is no special reason for addressing such observations 
to Gas Managers, more than to any other body of commercial or professional 
men. I know also that the statements that have been made as to tlie 
general prevalence of the custom are gross calumnies ; but so long as com- 
missions are offered and accepted, I think it our duty to protest against 
them. That many employers lend themselves to the practice they condemn, 
by paying salaries below the value of services rendered, there can be no 
doubt ; that some even wink at the custom, as justifying them in such a 
course, is, I am told, a fact. But no such circumstances make it one whit 
less objectionable; they do but show more broadly its pernicious effect. I 
have never heard other than one opinion expressed on this matter by 
Managers or Manufacturers, and that of Directors can admit of no doubt ; 
all alike condemn the practice and deplore its results. Mutual jealousies 
on the one side, and possibly respect for ancient usage on the other, keep 
it alive. In expressing a hope that the custom may soon be entirely sur- 
rendered, I feel sure of the concurrence of this assembly. 

I have to congratulate you on the list of papers submitted this year for 
our consideration ; they are all devoted to matters of great interest, and 
will deserve all the time we can give to them. At the same time, though 
there is not one of the list that we would wish displaced — and we certainly 
have not room for more — I do regret the absence of papers descriptive of 
works of a mechanical or engineering character, in progress or recently 
completed. Members are constantly engaged in the construction of new 
apparatus or buildings, and the materials are consequently never wanting. 
Duch works occupy much of our time and thought, and would be as profit- 
able in discussion as any that could be chosen ^ while we all recognize the 
important bearing which the judicious expenditure of capital has on the 
success of a gas undertaking. I presume that Mr. Livesey's paper will 
treat of this latter subject, and it is one worthy of his able pen. 

I have already referred to the demands which gas engineering increas- 
ingly makes upon constructive ability and scientific knowledge ; but the 
fact must not be lost sight of that gas-works belong to what are essentially 
commercial enterprises, depending for success, to a remarkable degree, 
upon the manner in which engineering and science are directed, and 
even held in check by economic considerations. 

There must be, for instance, but a sorry sort of satisfaction to the man 
who finds himself in charge of works, admirable in design and workman- 
ship, and replete with every modem improvement, but necessitating th^ 
imposition of a sum, equal to seven or eight times the net cost of coal, to 
pay the statutory dividend thereon. 1 am not exaggerating when I say 
that there are places to be found where the coal, less residuals, costs t)ut 
dd. or 4d., and a 10 per cent, dividend, 2s. to 2s. 6d. per 1000 cubic feet of 
gas sold ; or, in other words, the dividend alone, in one town, may absorb 
a sum nearly equal to the selling price of gas in anbtlier, and yet the 



maaagement in each case may be equally efficient, and all the mannfao- 
tnringf charges the same, the whole difference being due to the dispro- 
portionate expenditure on plant in one case as compared with the otner. 
The time was when comparatively little heed was given to this aspect of 
our business. Works were erected, a statutory price sufficiently high was 
obtained, and that was a successful undertaking which paid full dividends. 
But the publication of the analysis of London Gas Companies accounts by 
Mr. Field has brought home to every Manager a ready means of com- 
parison, and has no doubt imbued many with a healthy spirit of 
competition. 

I am disposed to think that if ever the public did suffer on acconnt 
of the monopoly of Gas Companies, that can now only be the case in 
ver^ rare instances, most Companies regarding themselves as in com- 
petition with every other similarly circumstanced, and striving to excel in 
providing superior advantages to their consumers. On these grounds, Mr. 
Live8e3^s paper will be of much value, if it goes to determine the r§lation 
that capital should bear to revenue. 

Mr. Methven's paper will be listened to with interest, as promising a 
solution of the vexed question of a true standard for photometrical obser- 
vations. Mr. Methven has brought his mind with his ejes to the photo- 
meter, and I think you will consider the result very satisfactory. I hear 
with much pleasure that we are to be favoured also with a description of 
the means by which Mr. Vernon Harcourt has sought to reach the same 
end by the preparation of a gas of constant quality. 

Permit me to refer to one other of the papers on our list. Some weeks 
ago, at the invitation of Mr. Carpenter, I visited Sheerness, and saw there 
the system of retort-setting and arrangement for automatic feeding which 
he is to introduce to you. I do not now express an opinion as to the 
probable success of Mr. Carpenter's plan ; of that you will oe able to judge 
from his drawings and model, even if the paper should not be reached. I 
simply wish to express my hearty admiration of the care with which the 
arrangement has been worked out, and of the perseverance with which it 
has been followed up, under circumstances of no encouraging character. 
When members have the thought to conceive, and the courage to spend 
time, Ubour, and money in carrying out an idea which promises to result 
in improvement, this Association will always give its praise and help, even 
though the scheme be denied success. In no direction) I do not hesitata 
to say, notwithstanding the trials that have been made and the failures 
that have resulted, can the inventiye skill of Gas Managers be more wisely 
directed than towards the attainment of a good plan of continuous 
carbonizing. That it will be done some day I have no doubt, and even 
many failures should not turn us aside from the search after what might 
prove, in economy, efficiency, and accuracy of manufacture, an illustrious 
step forward. 

The past year has seen no alteration in the course of parliamentary 
deaUngs with Gas Companies, and it is a sign of the times that this should 
be a matter for remark. So many have been the changes and modifica- 
tions of the treatment dealt out by Committees, in recent years, that there 
has resulted a feeling of unrest and expectancy which is much to be de- 
plored, and which is grossly unfair. The consistency of the last two 
sessions I would characterize as a persistent continuance in ill-doing ; for 
the imposition of auction clauses, which all Companies have had to submit 
to, is, to my mind, unjust in the extreme. I cannot see any reason wh^ a 
body of men, who have borne the expense and run the risk of founding 
a business, and who have diligently cultivated that business until it has 
become a successful one, should then be required to take in, on even 
terms with themselves, any one who chooses to invest his money in aeood 
thing. I qtUte admit that, taken in conjunction with the sliding scGue of 
dividend and price, as we at present know it, they are less objectionable 
than they would be without it, because with a fixed price, the smaller tiie 
capital upon which dividend is to be paid, the larger, naturally, will be the 
dividend. But there is no more finality about the normal price than there 
has been with the maximum price of past years. Grant, then, that Parliament 
may ro-arrange the price, taking advantage of the economies effected by 
the reduction of nominal capital through the operation of the auction 



clauses, and the sUding scale ceases to be a compensation. Penonally, 
though I express the opinion with much diffidence, I prefer the legislation of 
1847 to any of the schemes which have in torn been snbstitated. I deny 
altogether that any inducement to economy and enterprise was req[iiired 
other than was afforded by the natural desire to increase onr business, 
and, consequently, the capital invested in it. Under that Act the divi- 
dend has been in late years practically secure, so long as the works were 
properiy conducted; and, wnile the Company gained the advantage of 
increased business, the consumer had, as he was fairly entitled to have, 
the advantage of such economies as were effected. The Act also fur- 
nished the Local Authorities with machinery amply sufficient to enable 
them to have examined the accounts of the Companies, and so see to it 
that the consumers had all they were entitled to. It is much to be 
regretted these powers were not used; had they been, there would pro- 
bably have resulted more of trust in the bona fides of the Companies. I 
maintftin emphatically that the Companies have striven loyally to carry 
out their obligations to the consumers, and that tiiey have good reason to Im 
proud of the success which has attended their efforts. It is not just 
to say that Directors have been concerned only to obtain maiimum divi- 
dends, because latterly the maTimum dividend has been regularly earned. 
My ei^rience has been, and I believe yours will confirm it, that there has 
been a disposition to encourage, rather than otherwise, investigation into 
such matters as promised advantage to the consumer, and inventors have 
not had occasion to complain of rejection without triaL I regret the 
change ; the new system brings with it an element of gambling. Share- 
holders will be constantly "asking for more," and weak officers will be 
tempted to wrest accounts so as to gratify them; while a rise in the price 
of coal, accompanied, as has happened before now, by a fall in the value 
of products, would leave the recent investors with barely any return for 
their money. I make these remarks because, especially, I object to the 
arguments on which the change was based. The Companies have laboured 
hard and honourably in the past ; they will continue to do so, I doubt not, 
in the future, and that irrespective of the legislation by which their 
profits are controlled. 

During the year there have been several cases of transfer of gas- 
works from Companies to Corporations, and, generally, both sides have 
bem content with the terms. There are two or three matters of interest 
in connection with these, to which our friend Mr. William Livesey has 
kindly directed my attention, which I will shortly name. 

The Corporation of Clitheroe agreed to pay to the Gas Company there 
the sum oi £SSffI lOs., by way of bonus, for the uncalled portion of their 
shares, thus recognizing a position which the auction clauses annul. There 
has been a doubt frequently expressed in past years as to whether, in the 
event of a Company being unable to pay their maximum dividends, the 
reduction should be proportionate on each class of shares, or fall entirely 
on the original ones ; tiiis has been decided in favour of an even reduc- 
tion over aU ordinary stocks. 

There are several new provisions intended to fence the auction clauses 
from abuse — ^that only a certain amount of capital shall be called in any 
one year, that the shares shall be offered in lots of not more than £1Q0, 
and paid up within three months. 

It is remarkable, however, that, notwithstanding the auction clauses, 
the dividend on new capital is restricted to 7 per cent. A sharo entitled 
to 10 per cent, dividend will always command a higher proportionate 
premium than one that is only entitled to 7 per. cent., and thereforo it 
seems to me clearly a mistake to fix on the lower rate. 

I have little to say in relation to new processes or inventions. It is the 
less necessarv that I should do so, as the " Troatise on Gas Lighting," now 
being published by Mr. King, has brought the record of improvements 
really effected close up to the day of our meeting, and in the columns of 
the JouBNAL we have, from week to week, fuU information upon any 
matter of interest affecting our business. I understand that our friend^ 
Mr. King, will be absent wis year from the post he has oocux^ed at the 
table at each of our previous meetings. I am suro you will aU join with me 
in wishing him fully re-established health, and in congratulating him 



upon the deserved success which has attended his important work. Let 
me here acknowledge also the obligation under which we, as an Associa- 
tion, rest to Mr. King for giving us such help in the use of the Jottbnal 
type, as enables our proceedings to be published in the form we have 
them, and at a price within our means. 

Our fellow-member, Mons. Br^mond, of Versailles, has presented to the 
Soci6t6 Technique a most admirable and exhaustive paper on the subject 
of the cause and cure of naphthaline. The experiments there detailed 
seem to support fully Mons. Br6mond's theoiy, and I believe that subse- 
quent trials on a larger scale have established the success of his method. 
This is a matter for congratulation, not only to the patentee, but also to 
gas-makers generally. The theory is that an excess of the vapour of 
naphthaline is kept m suspension in the gas by the presence of aqueous 
vapour, and that as the latter falls, through diminished temperature, 
the former falls with it. 

It may readily be imagined that if a gas containing the vapour of a 
volatile body, together with aqueous vapour, be cooled, and the aqueous 
vapour is deposited in the liquid condition, this circumstance may deter- 
mme, at the same time, the deposition of some of the vaporized body, 
even though the temperature necessary for the deposition of the latter 
substance alone has not been reached. 

There is one aspect of the question, however, which is now receiving a 
considerable amount of attention, and the settlement of which may cause 
many of us to alter our practice in condensation. Mons. Brdmond, after 
noting the fact that naphthaline is a result of high heat in the retort, goes 
on to approve the custom generally prevailing, of keeping the gas in con- 
tact with tar for as long a time as possible, so that the latter may absorb 
the naphthaline. This advice is somewhat peculiar, seeing that by adopt- 
ing the process of desiccation, which forms the subject of his patent, the 
naphthaline is retained in the gas to its palpable advantage. Mr. New- 
bigging, in a letter to the Journal of Gas Lighting of the 4th inst., calls 
attention to the injurious effect upon the illuminating power of gas, result- 
ing from intimate contact between it and tar, in the process of condensa- 
tion, due to the absorption, not only of naphthaline, but of other hydro- 
carbons. That letter furnishes a concise examination of l^e whole question, 
and is of great value. Now the harmonizing of the two objects is made 
practicable by Mons. Br^mond's system, and the result would probably be 
even more favourable than he promises. Bemove the tar before it has 
commenced the absorption of gaseous hydrocarbons, dry the gas at the 
outlet of the purifiers, and the result would give, not only the 6 per cent, 
increase of illuminating value due apparently to the withdrawal of 
aqueous vapours, but a further per centage due to the retention of naph- 
thaline. On this matter we shaU certainly hear more at our next 
meeting. 

As the paper prepared by Mr. Marshall, on purification h^ liquids, will 
deal with the process of Messrs. Wallace and Claus for utihzing carbonic 
acid, in which I feel a great interest, it is not necessary that I should refer 
to it here. 

Messrs. Evans and Sugg are engaged in experiments — the lines of which 
have been explained in the Joubnal of Q-as Lighting — for purifving gas 
by means of ammonia obtained from gas liquor, but I am not able to say 
how far success has yet attended their efforts. The preparation, either of 
caustic ammonia, or ammonium sulphide, from ordinary liquor is a dif&cult 
and costly process, and is the barrier in the way of success in this 
direction. 

Much interest has recently been felt and expressed in a proposal made 
by Mr. St. G. L. Fox, and illustrated by a practical experiment in Pall 
Mall, to light simultaneously the lamps of a district by means of electri- 
city. It is certainly painful to see the waste of gas — ^and especially such 
good gas as we all make — necessary, under the present system, where 
some lamps must be lighted in broad daylight in order that all may be 
kindled before dark ; but this is, of course, a simple question of balancing 
the value of gas against the cost of lamplighters time. Mr. Fox proposes 
to connect, sav, 200 lamps in one electrical circuit, and the action of his 
apparatus is thus described by the Telegraph Journal : — 
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"Each lamp is provided with a small induction coil of the ordinary 
make, without, however, a condenser or a contact breaker. The primary 
wire of each coil is in the circuit of the line wire, so that a current sent 
through the latter traverses the primaries of all the coils of the set of 
lamps on a circuit. 

" The secondary wire of each coil has one end connected to the pipe, 
and the other brought in close proximity to the burner of each lamp, so 
il^at if the gas were turned on at each, and a powerful momentary current 
were sent along the line, and consequently through all the primaries, 
induced currents would be set up in all the secondaries, and these currents 
would make themselves manifest in the form of sparks jumping from the 
end of the wires on to the burners, and the gas at each lamp would thereby 
be lighted. 

" To turn the gas on and ofi at each lamp, Mr. Fox makes use of the 
core of each cou. This, when magnetized by a current of moderate 
strength, causes a permanent magnet, attached to a stopcock of peculiar 
construction, to be rotated on an axis, and thereby to turn the gas on. If 
the current be reversed, the movement of the permanent magnet is 
reversed, and the gas is then cut off. 

" The action of the apparatus is as follows : — ^When the lamps are to be 
lit, a positive current, say from a few cells of any kind of battery, is sent 
through the line. This magnetizes the iron cores of each of the induction 
coils, and the permanent magnet being thereby rotated, the gas is turned 
on. A momentary powerful positive current is now sent through the line. 
This sets up the induced currents in the secondaries, and the sparks from 
them light the gas. To turn out the gas, the current from the small 
battery is sent in the reverse direction to what it was in the first instance, 
and the permanent magnets being caused to rotate in the reverse direc- 
tion to what they were at first, the gas is turned off." 

The whole apparatus is very ingenious, not the least so being the cock, 
which Mr. Fox has designed to offer as slight frictional resistance as 
possible. He makes the plug slightly less in size than its socket, and 
nlling the annulus with glycerine, finds it sufficiently sound, and at the 
same time free to move with very slight force. Assuming that success 
attends Mr. Fox's e^orts to perfect the apparatus, there remains the ques- 
tion of pecuniary advantage. The margin, after paying for cleaning and 
repairs of lanterns, amounts to about 12s. per lamp per annum, out of which 
has to be paid interest on the rather large expenditure, maintenance of much 
delicate machinery, and the costs incident to the central station and the 
generation of the current. If these can be met without exceeding the 
present cost, the charming effects that would be produced nightly by its 
adoption should turn the scale in favour of Mr. Fox's invention. 

I will now ask your attention, for a few minutes, to a question which 
has attracted increasing attention during the past year, and which is one 
of much interest to us, though having no direct connection with gas. I 
mean the electric light, and its possible influence upon Gas Companies. 

The strides that electrical science has taken in recent years have been 
so great, that promises held out in its name are received with much 
respect, and it is not to be wondered at that great expectations are 
founded upon comparatively small achievements. 

Although the electric light was discovered by Davy in 1813, it was not 
publicly exhibited, I believe, as a light likely to have useful applications, 
till about 1846, and even then the necessary electrical current was obtained 
from a galvanic battery. Now the battery, with its chemical action, has 
given place to mechanical force in the magneto-electric machine, where 
power and motion are transmuted into electricity. For a description of 
these machines, I will refer you to some articles which appeared in the 
Journal op G-as Lighting in December last, or to a paper read by Dr. 
Paget Higgs before the Society of Arts, and reported in their Journal of 
April 6 of this" year. To the improvements which have been effected in 
magneto-electric machines, is largely due the present position of the electric 
light. Take an illustration from the report of Dr. Tyndall and Mr. 
Douglass of the Trinity House, on the lighting of the South Foreland 
U^thouse. 

Xiate in 1876 these gentlemen made a series of experiments to determine 
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the relatiye valne of yarions maohines, in order to qnalify tfaemBelveB to 
advise the Elder Brethren as to the most suitable one for their adoption. 
For soipe years previons to that date, the light had been supplied to the 
South Foreland by a machine of the construction patented bv Professor 
Holmes, and the fair inference is, that it was, when adopted, the best 
procurable. The result of the trial, against a machine made by Messrs. 
Siemens, which proved the best, was as follows : — 

Oomparison of Electrical Machines. 





Cost. 


Weight. 


Horse 
Power. 


Total 
Light. 


Light per 
Hone Tower. 


Solmes . • . . 
Siemens . . . . 


£ 

550 
100 


Cwt. 
51 
Si 


8-2 
3-3 


1523 
4138 


476 
1523 



From these figures it will be seen that, on the important item of first 
cost of apparatus, the comparison stood thus : 
Sum required to produce light of 1000 candles — 

Prior to 1876 JgSBl 

Present time 2400 

or in proportion of 16 to 1. 

The importance of so considerable a reduction in charge for plant needs 
no comment. So far, however, these advances have barely any special 
interest to us, for the light produced from each machine, equ£^ to from 
700 to 1000 candles as a minimum, was necessarily concentrated in one 
centre, and the sphere of its application was consequently very limited. 
The great power of the light was its weakness. But we are told this 
difficulty is being removed, if it has not already vanished. Various 
methods have been devised for breaking up the current from one machine, 
60 that many lights may be supplied from it, presumably of less intensity, 
and consequently more adaptable to general use. Now, I venture to say 
that the progress made in this direction is practically almost nil. What 
has been accomplished is, so far as I understand it, as follows. Some 
makers have succeeded in so constructing lar^e electrical machines that 
it is possible to establish several complete circuits from each. In other 
words, four or five machines are rolled into one, and on to the circuit of each 
of these wires can be attached several (say, five) lamps or candles, and in 
this way one machine supplies 20 lights. But I need hardly point out that 
this is not subdivision oi the light. Each of the lamps so supplied is as 
powerful as would be one supplied direct by a small machine, and the 
extinction of one lamp puts out all the others on that circuit. 

It would appear that the minimum power and intensity of the electric 
current necessary to the formation of the Yoltaio arc is such that a light 
of moderate power is not attainable. But the fact remains that the light 
is now applied in various places, especially in Paris, in substitution for 
the li^ht of gas. 

An mfluential Company have been estabh'shed in Paris for the purpose of 
introducing electric lighting, and the beautiful invention of M. Jablochkoff 
— ^tiie electric candle — ^is the property of this Company. Thanks to their 
energy, and that of their able Director, M. Denayrouze, the light is to be 
seen applied under many different conditions — ^in the streets and open 
places, in the courtyard of an hotel, in workshops and show-rooms, in public 
gardens, and the theatre. 

In all these places the total light provided is vastly in excess of what 
was obtained from the gas formerly used, and the effect is naturally so 
much better. Especially in the streets, we will all agree that more light 
would not be thrown away, even in London. In some large open spaces, 
such, for instance, as the rlace de I'Op^ra, where the lamps must needs be 
iax apart, the electric light has a decided advantage over gas as usually 
burned, because it more thoroughly illuminates the broad spaces between 
lamp and lamp. But this is a very small matter, and (/ne that, if raised by 
the Street Auuiorities, and accompanied by a proffer to pay for more light, 
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conld probably be met by our friend, Mr. Sugg, who would bring out yet 
another new burner. 

Taking, however, the best illustrations afforded of the use of the electric 
light in i>laces where, for the moment, the gas-burners have been turned 
off before it, we see how impossible it is for it to do more than touch the 
fringe of our business. The necessity for using it in centres of great 
intensity involves also the necessity for fixing these foci at considerable 
distances apart, and this again that there shall be wasteful expenditure of 
light at the centre, if there is to be sufficient at the extremity of the field. 
The law on which photometric observations are based — ^viz., that the value 
of a light diminishes as the square of the distance it is removed from 
the point to be illuminated — explains this clearly. Suppose a room, 
100 feet by 20 feet, needing to be lighted to a certain minimum extent, 
which is met by gas-burners of 16 candles value, lighting a radius of 10 feet, 
clearly five such burners would fully illuminate the room, and the candle 
power used would be 80. If the light must needs be given from one centre, 
and that in the middle of the room, the total would have to be as the 
square of 50 is to that of 10, or as 26 to 1, giving 400 candles against the 80. 
But, if this one light is pushed back to the waU of the room, then, in order 
to get an effect at the opposite end equal to that ^ven by the 16-candle 
burner, its value must be increased in the proportion of the square of 100 
to that of 10, or as 100 to 1. The result of this is that while the light 
of 80 candles distributed would give the desired amount of light, 1600 
candles, concentrated in one spot, at the extremity of the field, would be 
required to do the same work. The excessive brightness at the point 
where the light was centred would be so much waste, and an embarrass- 
ment rather than an advantage. Bearing this in mind, the electric light 
is certainly more costly than gaslight. 

Take another illustration. I have here a letter from a firm of Engineers 
in France, who have for some time used electric lamps in their erecting 
shop, which is 145 feet long by 86 feet wide. There are two lamps used, 

f lying a Ught said to equal 3800 candles, and they are fixed at a height of 
feet from the floor. (Such a position as this, on premises where power 
is always available when light is wanted, offers the greatest inducement 
to the adoption of electricity.) The cost, taken from the users figures, is 
as follows : — 

Cost of machines and lamps i£208 

Power required to drive same . Five horses. 

Cost per Year, 500 Hours Burning. 

Interest at 12 per cent, to cover maintenance 

Carbon, 9*4 in. x 500 x 6id 

Coal, 4| lbs. per horse power, at 21s. per ton . 
Supervision, 600 hours at 3'3d 

£47 13 6 
or 22'9d. per hour. 

But if we add to this what my correspondents have left out, because 
they had not specially to provide it — ^viz., cost of engine, boiler, setting 
and chimney, say £200 for the 6-horse power-engine, 10 per cent, on for 
maintenance and interest, adds j£20 to the annual charge, making it 
£67 13s. 6d., or 32-6d. per hour. 

I will assume the greatest amount of light to be required at a height of 
4 feet from the floor, that 60 6-feet burners are distributed along the shop 
in 6 rings of 10 each, at a height of 12 feet. These would give out a light 
equal to 960 candles. The cost of this would be — 

60 X 6 X 600 = 180,000 cubic feet of gas, at 3s. 4d. . . ^£30 
Interest on fittings, dB30 at 10 per cent 3 

Total ^633 

or ^14 13s. 6d. per annum less than electricity. But such a gaslight 
would be regarded as extravagant to a degree. It would be equal, at the 
point I have specified — 4 feet from the floor — to more than twice that of the 
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electric l^^ht, if we regard light alone, and allow nothing for the 
superior diffasion of the light &om many gas-bomers. The equation 
would be— 

8« : 26* : : 960 : 10,140; 

while the lamps only gave 8800. Thus twice the useful light would be 
had for half the cost. Kemember also that this comparison is between 
gas which has paid its manufacturers full dividends, and the cost price of 
the electric light with no charge upon it even for distribution. 

In this case the electric current was used in the most economical 
manner— viz., the whole strength of a machine concentrated on one 
li^t. 

I am unable to furnish any exact figures as to the cost of lighting, by 
the system of M. Jablochkoff, with lights of less power; but it is certamly, 
light for light, largely in excess of the direct one. The division of the 
current, I am assured, involves both increased power and diminished 
light, and the carbons also are much more expensive. As an Instance, I 
saw a room, about 80 feet by 60 feet, which had been satisfactorily lighted 
by 48 gas-burners using about 6 feet per hour. In one night of six hours 
these would consume 48 x 6 x 6 =b 1440 cubic feet, which, at 3s. 6d. per 
1000, would be equal to 6s. The gas had been displaced by 8 electric 
lights, in which the "candles " were changed every hour, and each cost, I 
was iziformed, S^d. A night of six hours in this case would, therefore, 
cost, for carbons only — 

8 X 6 «= 48 X Bid. = £1 2s. 

Thus the carbons alone were costing (if I was rightly informed as to their 
price) more than four times the total cost of the gas. Add to this, interest 
on cost of machinery, cost of some 10-horse power absorbed in generating, 
payment of stoker and "gas man" in attendance, and it does not need 
royalty charges and shar&olders profit to make the electric light a very 
costly luxury. 

So much for the commercial aspect of the question. But I do not hesi- 
tate to say that if the figures had all been the reverse of what I have given 
you, I should entertain no fear as to the competition of the electric light 
lor the following among many reasons : — 

1. The impossibility of reducing it to a power generally useful. 

2. That it does not admit of relation. 

8. It is so variable and unoertam that no space can be left wholly 

to the illumination of one lamp. 
4. Its colour is more trying and wearying; to the e^es. 
6. The light must always require periodical attention on the part 

of the consumers. 

In fact, so far as adaptation to the purposes of general, and especially of 
domestic, illumination goes, it appears to me that all the graver difficulties 
are as unconquered now as they were 20 years ago. 

There is one aspect of the comparison between lighting b^ gas and by 
electricity which is worthj of remark, as explaining uie magnitude of the 
plant that would be required by the latter. The electric light cannot be 
stored ; consequentiy, the plant must be equal to producing the maximum 
amount required at the moment when it is wanted. A Gas Company with 
a capital of £1,000,000 are able to supply 1,000,000 cubic feet per 
hour at the time of greatest consumption. This is equal to a light of 
8,200,000 sperm candles. I am safe in assuming that 1-horse power would 
not be equal to producing an electric light of more than 400 available 
candles. Now, dividing 400 into 3,200,000, we have 8000 as the equivalent 
in horse power of 1,000,000 cubic feet of gas. This power would need to 
be broken up into many sections, and womd not cost for engines, boilers, 
houses, shafting, and machines, less than £80 per horse power; con- 
sequently, the 8000-horse power would cost £640,000. But then I have 
shown that, as compared with gas, not one-fourth of the effect of the 
electric li^ht is actually obtained ; consequently, because of the disadvan- 
tageous circumstances under which it is burned, at least four times as 
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drach mnst be proyided. If the iE640,000 is mnltiplied by fotir, w^ hiki4 

^£Q,BB0,QO0 as the cost of producing plant alone, ezclusiYe of distribntion, 

against jbl,000,000 for gas, inclnding all, and that estimate is not at all snr- 

g rising, judged by the illustrations we have had opportunity of examining 
itherto. 

If I have occupied too inuch time by these remarks, I beg you to excuse 
me ; I had no lutention of dwelling so long on the subject when I com- 
ilienced. 

And now let me, in conclusion, say a few words suggested by the recent 
scare as to what, in my hxmible opinion, should be the future policy of Gas 
Companies. ^ . 

Nothing has come more prominently to the front in the discussions which 
have taken place than the wonderful adaptability of gas to the various require- 
ments of artificial illumination. We supply a light which is cheap^ safe^ 
pleasant, and unfailing, whether as a dimmutive night-light or a bnlliani 
glare. But further, with the same material, we can cook the delicate 
omelette to perfection, and the dinner for the million with economy. Qas, 
too, is a cheap and convenient motor, whether for driving a hairbrush, an 
electrical machine, or, to venture upon prophecy, a tramway car. It is 
also capable, without causing dirt or needing attention, of warming our 
houses in situations where otherwise warmth would be difficult or impos- 
sible of attainment. Then again we are manufacturers of other products 
which are the bases of important industries. The salts we produce are of 
such fertilizing power that they cause the desert to rejoice and blossom; 
while from another residual, among uses of a more prosaic but still pro- 
fitable character, we are able to lend to beauty the glories of the rainbow. 
But it is not necessary that I should dilate upon the variety of our 
resources; suffice it to say, that we are alive to the fact, that every material 
formerly regarded as obnoxious is only so much matter out of place, and 
which may eventually be developed into an element of profit. 

Now the question I would ask is the same in effect as that which was 
put with so much power and weighty argument by Mr. Bennett last year. 
Have we done full justice to this great inheritance ? I do not think we 
have much need to be ashamed of Ihe past, but we have certainly a large 
field before us which will amply repay the cultivation of it. we con- 
gratulate Mr. Warner that the step he initiated last year, and which was 
described by our Past-President (Mr. Spice) in language of glowing 
approval, has borne fruit beyond the limits of South Shields. Stockton 
has had an exhibition of gas apparatus and products of the gas manu- 
facture, which " won golden opinions from all sorts of people ;" and more 
recently Birmingham has opened its Town Hall to the reception and 
exhibition of such a collection of apparatus for the economical and con- 
venient use of gas in its multifarious applications, as has never before 
been attempted. These exhibitions have been accompanied by what is of 
vital consequence to their use — ^viz., full information as to the cost at 
which the work shown is accomplished. These exhibitions are important 
strides in the right direction. What is wanted now is that they shall 
become, at least in all large towns, universal, and that they shall be 
jpeTTna/ftettt, 

I commend to the attentive obflervation of all who visit Paris, the means 
adopted by the Paris Gas Company to educate the public in this way, both 
as to the use of gas and coke. I hope we may soon see similar establish- 
ments opened here, where consumers will be able to ascertain how best to 
use the commodity with which we supply them ; for in this way a reproach 
will be lifted from us, and a great service rendered to the public. 

Our true interest lies in so conducting our business that our position 
as monopolists is lost sight of. We should proceed upon the lines indi- 
cated by the successful tradesmen in active competition, who are ever 
ready to press the question, "Is there anything more that we can do for 
you?" 

I have previously touched upon the relation which the charges due to 
excessive expenditure of capital bear to the selling price of gas. Permit 
me to point out what a reserve of security and usefulness we at present 
possess in this direction. We are all aware that gas-works must be 
plaomed and laid dowui not relatively to the annual sale, but to the 
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greatest day demand; and our calculations wonld be imperfect if we 
failed to take into consideration the maximum hourly consumption ; for 
mains which would be competent to distribute a day's make over six 
hours, would manifestly prove inadequate to pass the same quantity in five. 
But the shortened hours of labour of late years have limited the maxi- 
mum rate of consumption in many towns, I am told, to little over two 
hours, dur plant, therefore, must be large enough to meet the strain of 
a few hours demand which is greatly in excess of that of the rest of the 
day, and, in summer time, some 70 per cent, of it may be said to be idle. 

Kow let me suppose a town where the selling price of gas is 8s. 6d., and 
the charge for dividend on capital. Is. ; we have thus 2s. 6d. per 1000 cubic 
feet as the cost of gas at the consumer's meter. Out of tne 2s. 6d., it is 
reasonable to suppose that leakage, distribution charges, rates, and manaffe- 
ment will cost ali least 8d. per 1000. Now the actual expenditure under 
all these heads would be practically the same if the sale of gas were doubled 
by a day consumption. 1 assume that distributing plant, including gas- 
holders, represents one-half the capital account, and, consequently, one- 
half of the Is. required for dividend. We have then 6d. for interest, and 
charges amounting to 8d., in all 14d. as costs not dependent upon annual 
consumption. Now, assume that the public have been made alive to the 
undoubted economy of gas for cooking, warming, &c., and that the con* 
sumption is thereby doubled by a day demand, clearly the 14d., which I 
have named, would, in that case, be divided by two, and gas could be sold 
for 7d. less, or 2s. lid. against 3s. 6d. per 1000 cubic feet. Many Managers 
are folly alive to these considerations, and, I think, they are destined to 
have increasing weight. Let us here, in our Association, and at home in 
our individual spheres, lend our earnest attention to still further improving 
the quality, and cheapening the price of gas. Let us also educate our con- 
sumers into the proper use of it, and the future of our industry will be st 
least as bright as its immediate past. 

Gentlemen, I have trespassed too long on your patience, accept my 
thanks for the kindness with which you have listened to me. 



The Pbebident then announced the award of premiums for papers read 
last year, as follows :— No. 1, Mr. C. Woodall ; No. 2, Mr. R. O. Patterson; 
No. 8, Mr. W. H. Bennett ; No. 4, Mr. W. Sugg. He also stated the 
arrangements which had been made for the excursion to Hampton and 
to Paris, where, he said, French friends had made every effort to ensure 
a pleasant and interesting visit. 

Messrs. Hartley and Darwin were appointed scrutineers of the baUot 
papers for the election of the Officers and Committee of the Association 
for the ensuing year. 

Beadikg of Papebs. 
The reading of papers was then proceeded with. 



BRICK, CONCRETE, AND COMPOSITE TANKS. 

By Mr. W. Bichabds (London). 

(Bead by Mr. F. W. Habtley, on behaJf of Mr. W. Bichards, who was 

unable to be present.) 

In the constraction of gasholder-tanks, the first consideration is, of 
conrse, tiie stability of the ground, that the foundation shall be sufficiently 
solid, in order to sustain the weight of the tank, water, and holder, without 
settlement ; but, as this is essential in every class of structure, further 
reference to it will not be made. 

The other important points connected with my subject are — ^the nature 
of the building materials employed in the bulk of the work, whether these 
be brick, stone, shingle, gravel, or other similar substances. Also the 
means of uniting or cementing these materials together, either with 
hydraulic lime mortar, which possesses its hydraulic property in con- 
sequence of the lime containing a quantity of argil ; or whether a purer 
lime be employed, and rendered hydraulic by an admixture of a substance 
such as Puzzolana; or by the employment of Portland or other cements. 
Lastly, we have to consider the proper means of employing these materials, 
which, as will be shown hereafter, constitute the most important of the 
operations in the construction of tanks. 

It may be briefly stated that bricks, brick ballast, as well as some kinds 
of stone, are more or less porous ; but how far this influences the proper 
construction of a tank I will have occasion to demonstrate. On the other 
hand, many kinds of stone, as well as shingle, the pebbles entering into 
the formation of gravel, and the grains of sand, so far as regards their 
impermeability, leave nothing to be desired. With these, therefore, the 
means of uniting them together with hydraulic mortar or cement is all 
that is requisite in order to form a tanK, at least so far as regards the 
materials employed. 

Bespecting the mortars and cements, it may be observed that hydraulic 
limes can only be obtained in certain localities; and, as they are not 
suffioientiy vuuable to bear heavy expenses in carriage, for these reasons 
their use is limited. Puzzolaoia is comparatively little known in Bngland, 
which is to be regretted, on account of its great value ; indeed, such is 
this value, that when a small portion of Puzzolana is intermixed with 
good lime mortar, whether for concrete or other uses, the compound 
possesses nearly all the properties of Portland cement, except that it 
requires a longer time to set and harden. Moreover, as Puzzolana exists 
in the neighbourhood of Edinburgh, opportunities are afforded for its 
more general employment in the United Kingdom, which is further 
encouraged by its low price, and the small quantity required to be inter- 
mixed with the mortar in order to render it hydraulic. 

There are various kinds of hydraulic cements, but that which experience 
has proved to be the best for our purpose is the Portland, and to which 
my observations will be principally confined. 

Among the advantages this possesses are — its moderate price, that it can 
be mixed with two and even three times its volume of clean sand and still 
retain an extraordinary degree of tensile strength or cohesion, thai: in 
setting it neither contracts nor expands, and that it may be stored in 
barrels in a dry situation for many months without suffering any deterio- 
ration beyond the simple circumstance that it requires a somewhat longer 
period to set than if freshly made. But, whether recentiy manufactured 
or otherwise, or employed pure or intermixed with proper proportions of 
sand, this cement has the property of hardening, in the course of time, in 
a wonderful manner. In confirmation of this statement, I have only to 
refer to the pavement in some places in London, set therein, in which the 
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cement projects in poliflhed ridges, while the stone adjoining is worn into 
deep recesses. But a still more striking fact is that paving stone is 
replaced with advantage by slabs formed of the cement in qnestion^ inter- 
mixed with sand ; ana such is the resemblance between the artificial and 
natural stone that to the aninitiated it is a matter of difficulty to dis- 
tinguish between them. A few years ago, in a highly interesting paper, 
read before this Association by Mr. Douglas, that gentleman mentioned 
some of the advantages of Portland cement. Among these, he observed 
that a beam composed of it, of 4 inches square, and 14 inches long, on 
being fixed at one end, bore a weight of 1680 lbs. placed at the other end, 
thus possessing, as he observed, half the strength of Biga fir timber. 

We find in some reference books that a definite degree of cohesion is 
stated to exist, in ordinary work, between the bricks and mortar, which is 
usually estimated at about 60 lbs. per square foot ; but, to show the error 
of this, we find in observing houses in a state of demolition, in almost aU 
cases the mortar is actually crumbling to dust, thus clearly proving that 
no material cohesion exists ; and instead of the mortar hardening with 
time, as it certainly should, if properly prepared, the opposite is the fact, 
which arises from the indifferent land of materials used in the first 
instance ; but, as I shall have occasion to show, in order to produce sound ' 
work, as much depends on the manipulation as on the materials em- 
ployed. 

The accepted theonr of the action of mortar is, that the hydrate of lime 
possesses a great affinity for the silica composing the sand intermixed 
therewith, and that in the course of time, oy the lime absorbing the 
carbon from the carbonic acid existing in the atmosphere, it is again con- 
verted into the carbonate of lime, similar in nature to that it possessed 
prior to calcination, which is further assisted in acquiring the desired 
degree of hardness by the particles of silica in combination therewith. 
And undoubtedly, when due care is observed in the selection of the mate- 
rials, particularly when the sand is granulated and clean, with good lime, 
in the course of time the mortar made with these acquires a stone-like 
hardness; but when mortar is prepared with loamy sand, or with certain 
earthy substances, it can neither possess any proper degree of cohesion, 
nor become hard, simply because the action of the lime is counteracted by 
the presence of the foreign pernicious substances. 

As ocular demonstration is always more forcible than any verbal 
description, I have prepared a few specimens with Portland cement, in 
order to illustrate my arguments, which specimens were all made with the 
same description of cement, but under different circumstances. Thus 
No. 1 consists of six flat tiles, cemented together when in a dry state, 
which, after bein^ allowed a considerable time to set, on the cement 
becoming hard, with a slight blow the tiles were easily detached ; from 
which we learn that a very limited degree of cohesion exists between 
cement or mortar and bricks, stone, or other materials, when the latter 
are in a dry state. 

Now, if the same description of tiles be thoroughly saturated with 
water at the instant of cementing, a very different result is obtained, as 
may be observed in specimen No. 2, in which the cement is so intimately 
incorporated with the other that the tiles actually break before becoming 
detached. Hence we find that, to obtain perfect cohesion, it is absolutely 
necessary that the bricks or other material shall be thoroughly saturated 
at the time of operating. 

As a further trial of the adhesion of Portiand cement, the specimen 
No. 8 was prepared. This is simply a cylinder of that material, of about 
6 inches long and one square inch in sectional area, and at each end is 
placed a wire in the ferm of a hook or eye, which wire is enclosed for a 
short distance in the cement, and intended for the purpose of testing its 
cohesive strength. To this was suspended a weight of 112 lbs., without 
the cement breaking, and how much more it would bear I am unable 
to say, as I did not possess the facility of testing it; but, con- 
fining myself to this limit, and taking the specimen as a basis, we 
find that Portland cement has a cohesive force or tensile strength 
of 112 lbs. per square inch, or no less than upwards of seven tons on 
the square foot, which agrees approximately with the statement of 
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PouglAB Atready relerred to. But aooordipg to ^Qtbtr B%fAmim\ 
ibf^t gentldman in t)»o Qommimio«tlon pientioneg, fkt t^it f nd m 
day9 Portland oement possQases the extraordinary tensilfi 9tr^ngtia 01 
417 lbs., and at the end of two years, 675 lbs. per square inch, or n^fjrjy 
40 tons per square foot of surface. With this remarkable material at o^r 
ppnunand, it seems astonishing that the same thickness of walls of houses 
and tanks adopted many years ago should be still retained, and that 
Engineers do not avail themselves of the remarkable cohesive strength of 
Portland cement and other similar materials. 

Now, speaking theoretically, and taking the strength of the specimen as 
a basis, tne small tank No. 6, of a thickneps of one inch, if made of pure 
cement, should bear the pressure of a column of water SiOO feet high, and 
this without hooping, or any other external support, and a brick tank of 
one foot thick, supposing every care to be observed in its structure, wou].^ 
be more reliable than any cast-iron tank, with its bolts, nuts, flanges, and 
hoops. Briefly, in ordinary constructions, instead of proper importance 
being attached to the cohesive force of the mortar or cement, a thiclmess 
of wall or weight of material is brought to bear against the pressure of 
the water, which is further aided by the pressure of the ground on the 
extenor of the tank ; but I venture to say that, if proper consideration is 
given to the cohesion of the cement or morta/, and ordinary care taken to 
ensure this, then the walls of tanks may be reduced to a considerable 
degree with a corresponding economy. 

I now request your attention to composite tanks, which I believe were 
first constructed py Mr. V. Wyatt, and firom which I will pass to those of 
concrete. 

Originally the sides of composite tanks were formed by an inner and 
outer wall of brickwork of limited thickness, leaving an intervening annular 
spaee, which was gradually filled with concrete as the walls were carried 
up. Subsequently, improvements were introduced by dispensing with 
the outer wall, and in its place a moveable frame was adopted to retain 
the concrete until it became set. 

But in neither of these constructions was the concrete intended to 
retain the water, but simply to give strength to the structure, and, as 
Mr. Wyatt observed on one occasion, he did not believe for one moment 
that concrete could be made water-tight, that he had built walls 10 feet 
thick, and yet the water came through like a sieve. 

I may here observe that a system similar to the first mentioned is 
adopted in some parts of the Continent, for the formation of water and 
wine tanks — ^that is, by having an inner and outer wall of stone, with the 
intervening space filled with hydraulic concrete. When constructing 
these, in a wall 2 feet thick, with a space for the concrete of about 16 inches 
wide, the concrete is composed of stones, varying in size from a hen's egg 
to gravel, with an abundance of hydraulic mortar or cement in a liquid 
state; and, whenever a quantity of concrete is placed, a man is employed 
to probe it continually at the sides in order to eject the air, which would 
otherwise be formed in ** pockets/' as seen in specimen No. 5. The tanks 
made as described are often emi>loyed to contain wine, and in every 
respect are successful, and their impermeability is due entirely to the 
concrete ; therefore, I ask, why cannot the same degree of excellence be 
attained with gasholder-tanks ? 

To resume my notice, a further progressive step was made by Mr. 
Douglas, by buHding a tank entirely of concrete, which he afterwards 
lined with brickwork, as he observed, '* to gratify the eye." In the for- 
mation of this tank, the cement was not intended to hold the water, for, as 
Mr. Douglas said "it would leskk. like a colander," and so it undoubtedly 
would if not properly prepared. 

The next important achievement to be noticed in the class of tanks 
under consideration was that erected at the South Metropolitan Gas- 
Works, in which not a single foot of stone — in the ordinary acceptation of 
the term — or a single brick, entered into its formation, the whole being 
constructed entirely of concrete, afterwards rendered on the interior with 
pure Portland cement; moreover, in the construction of this vessel, 
puddle was entirely dispensed with. The experiment was one of remark- 
aUe boldness on the part of Mr. Livesey, and, on the whole, was suooewful, 
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and that ^entloman has done good service by showing the inutility of 
puddle, which at one time was considered indispensable, whatever it might 
cost. In this tank also the concrete was not relied on to retain water. 

We now come to the consideration of the construction of tanks, and 
particularly in the formation of concrete, in which, as I will show, the 
cement unites the masses of shingle, or ballast, with a degree of sucoess, 
both as regards cohesion and impermeability, depending entiiely on the 
nianner the operations are conducted. I must, however, express my 
diffidence in venturing assertions in opposition to universal practice, but 
as our desire is to acquire Imowledge, and disseminate it, I am sure that 
if my remarks are soundly based on facts, the gentleman mentioned will 
be the first to recognize them at their proper value. 

We see every day, in the formation of the foundation of roadways, and 
other work, the concrete is often prepared in the most careless manner, 
in which a portion of cement is thrown on the ballast, and on this being 
wetted, the mass is turned over two or three times, and is then placed in 
its position; but hj these means at least one-half of the ballast never 
comes in contact with the cement, and it follows that, as eoncreUy that 
portion is useless, and, of course, prepared in that manner, it must be 
porous. 

But, on the other hand, if the ballast be clean and well wetted, and a 
sufficiency of cement or mortar gauged or mixed with its proper quantity 
of water, then, on combining the ballast and cement, ana turning them 
over several times, the cement will percolate throughout the mass, so thai 
no interstices exist ; consequentlv, on setting, the concrete becomes imper- 
meable, and in three or four weels attains that degree of hardness, that 
on applying a hammer and chisel the stones frequently split before 
becommg detached. 

A popular error is the opinion that Portland cement, like some otiiexs, 
it injured by the slightest excess of water. This, however, is not correct, 
as concrete formed with it can be thrown into shallow water, without any 
material deterioration beyond the small quantity of cement which may be " 
washed out in the operation. 

To illustrate an imperfect method of making concrete, specimmi No. 4 
was prepared with loamy gravel in a dry condition, intermixed with one- 
third its volume of cement. This breiucs with facility, clearly showing 
that the strength of concrete is impaired by employing dirty concrete, ana 
any carelessness in its preparation. With the same Kind of material, and 
under conditions similar to those observed in making the last specimen, 
the tank No. 6 was made, and, as you may satisfv yourselves, this system 
of construction, in the double sense of the term, "will not hold water." 

For the purpose of Ulnstratin^ the means of constructing concrete 
tanks in a superior manner and impermeable, the specimen No. 6 was 
made with all ordinary care with clean granulated sand, well wetted, and 
intermixed with the gauged cement, as already indicated, the materials 
being in the same proportions as No. 6. This is filled with water, and, as 
may be observed, it is completely water-tight without the aid of rendering, 
or any other means, beyond simply placing the material in a mould. In 
the absence of the proper appliances, the specimens are very rudehr made, 
the principal object being to present to your notice the effects of different 
manipulations, and, above all, to prove that concrete can be prepared in 
such a manner as to be impermeable. 

Blocks 7 and 8 were also made in a similar manner as the tank No. 6, 
the strength and impermeability of which are evident. 

Therefore we find that the nature of concrete, both as regards strength 
and impermeability, depends on the manner it is prepared ; and, by the 
proper admixture of the cement with the ballast, each stone or pebble or 
piece of brick, is surrounded with the cement, which adheres with the 
tenacity already stated. But, in the event of an insufficiency of cement, 
cr the presence of dirt, in the first instance, a number of cells are left, 
through which the water percolates, and, in the latter case, the dirt 
impairs the action of l^e cement ; and, in the course of time, the former is 
washed out, leaving a passage for the water. Lastly, as shown, when the 
brick or stone is not well wetted at the time of working, but little cohesion 
exists. As already stated, Portland cement hardens with time, and thus a 
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properly conBtruoied tank would, in the coune of one or two yearSj attain 
the hardness of hard stone ; whereas, with indifferent materials, instead 
of hardening, the reverse is the case, when hoth strength and imper- 
meability are sacrificed. 

And here I may observe, that it may be objected that, in consequence of 
the limited dimensions of the model (if it may be so termed), it is not ex- 
posed to the same pressure as an ordinary tank ; but, on the other hand, 
it should be rememoered that it is only 1 inch thick, and, if a comparison 
be made with large tanks of 40 or 60 feet deep, having their walls 4 or 5 feet 
thick, if this be duly calculated, it will be found, at least so far as regards 
their respective dimensions, that the smaller vessel is the more difficult to 
render impermeable. 

With regard to the large proportion of cement employed, this, of course, 
is necessitated by the smaUness of the pebbles and sand; butwnen ballast 
is employed varying in size from a hen's egg (or in extensive work still 
larger stones can be employed) to ordinary gravel, then the quanti^ 
of cement will be very materially diminished, and, in some cases, l-20tn 
part of cement will be sufficient — ^that is, one yard of cement will be 
sufficient for 20 yards of concrete. 

From the preceding statements, and the specimens before you, we learn 
that where bricks are laid in a dry state, that, notwithstandii]^ the cement 
may be of the best, no material cohesion exists between them. But when 
the bricks are thoroughly saturated with water at the instant of laying 
them, an incredible degree of cohesion is obtained, and it is to be regretted 
that advantage is not more generally taken of this property. 

We also learn that the strength and impermeability of concrete tanks is 
mainly dependent on the manipulation, and that if any loam or dirt exists 
with the sand, or if the ballast oe not thoroughly comoined with an abun- 
dance of ;'cement to fill all the interstices, that a structure of this kind can- 
not be relied on. But if onlv ordinary care be observed, concrete can be 
rendered impermeable for the construction of tanks, and it follows that 
whenever ballast is available at a cheap rate, concrete tanks may be made 
with a considerable degree of economy, of course, dependent on the relative 
prices of baUast and bricks. 

Hence, as ballast can be incorporated with cement to form a sound tank, 
it is evident that brickwork and masonry can be applied with like success. 
With these, each brick or stone will be required to be embedded in the 
cement, and to ensure the proper cohesion, it cannot be repeated too 
often, both should be saturated at the time of working. 

I have attempted to explain the extraordinary strength of Portland 
cement, and to prove that tanks can be constructed without the aid of 
puddle, and, indeed, in most places on the Continent, that material is not 
known, and, of course, is not adopted; yet, sound tanks of brick and 
masonry are to be found in abundance. Puddle was employed in the 
earliest years of gas lighting, long before Portland cement was discovered; 
and it would not oe creditable to the present generation if they persisted 
in following the methods introduced 60 years ago, and particularly when 
such vast advantages are gained, on the score of economy, by the intro- 
duction of a more perfect and scientific mode of construcung gasholder- 
tanks. 



Mr. Or, Andebson said he would describe a work in which he had been 
engaged, as bearing upon the question dealt with in the paper just read. 
He had had a tank to build for gas-works, where the bottom of the ground 
was a peat bog, the peat lying at an angle of about 80® to the sunace of 
the ground. He could not go down to the level of the peat, and therefore 
decided to float the tank on the bog, and to build it of concrete in the 
manner Mr. Livesey had recommended, without a single brick or any 
masonry. He first du^ a vertical channel 9 feet wide lUl round on the 
site of the tank, into which he put a bed of concrete, 8 feet thick and 9 feet 
wide, with a skew back to the face of it. He then put his walls on the 
back of the concrete. He commenced by putting a layer of timber under 
the concrete, and begaii at the side where the turf was deepest, and there 
made the wall 6 feet nigher than at the other side, expecting that it would 
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sink more. After having finished the walls, his next object was to tak« 
out the interior, and he intended to form a bottom in tiie shape of a 
frustum of a sphere, so that it should be able to support the mtemal 
pressure. ^ He feared, however, that the great thrust ^i this on the widLs 
might si>lit them, and therefore put into the oonorete three strong iron hoops, 
about 5 inches broad bv 5-8ths of an inch thick. The first year he only 
built the walls, and did not form the bottom, but put the materials of 
which it was to be constructed on the top of the walls, so as to load them^ 
and cause them to sink as much as possible. During that winter they 
sunk 6 inches lower on one side than the other, and he had to restore the 
level by putting in more concrete. In doing so, he made the lower side 
2 inches nigher, expecting that it would stiU go down again. It not o^y 
did that, but sank 2 inches more; in fact, it sank about 16 inches on one 
side and 10 inches on the other during the course of the year in which it 
was erected. During the whole of that time, however, it never cracked, 
and it was now as tight as any tank he ever saw; so much so, indeed, that 
it overflowed with every shower of rain. The whole of the tank was 
rendered with cement. 

Mr. Smith CDarlington) asked Mr. Anderson whether the wall.kept plumb 
when it sank 16 inches on one side and 10 inches on the other, and, if so, 
how it was there was no crack. 

Mr. Andebson said it did not keep ^lumb, the whole thing went over 
slightly as a solid mass. It necessarily went out of plumb, in sinking, 
perhaps one-half or three-quarters of an inch, and the guide-bars were set 
accordingly. 

Mr. Geoboe Livesey (London) said he had listened with great interest 
to the paper just read, but there were one or two points in which he 
thought it would be advisable to be somewhat careful. For instance, with 
regard to the tenacity of cement. According to his experience, it would 
not do to rely on that to prevent a tank cracking. His tank, to which 
reference had been made, was 46 feet deep, and 184 feet in diameter. 
When filled with water to about 80 feet of the top, it remained sound for 
some months, while the gasholder was being put in ; but when it was 
entirely filled, five or six small cracks took place. Now, if the concrete was 
possessed of such enormous tenacity as was represented, it was rather 
astonishing that a tiiick wall should crack from the top to the bottom 
with no apparent force to produce such an effect. One would think that 
it would go off like the report of a gun ; but, on the contrary, it seemed as 
if it parted with perfect ease, and as if there was no tenacity whatever in 
it. The cracks opened to the extent of about l-16th of an inch, running 
from the top neany to the bottom, and almost vertically, right through the 
concrete, causing a slight leakage. He had, therefore, come to the con- 
clusion that it was necessary to take extraordinary precautions to back up 
or support the concrete where puddle was not used. Where puddle was 
used, the concrete or brickworic was in perfect equilibrium, the puddle 
being the thing which held tiie water, whilst the concrete or brickwork 
held the pud£e in its place. Where, however, concrete was employed, 
and rendered with cement, it was important that it should be thoroughly 
supported to resist the pressure, the whole of which was exerted on the 
thin sMn of rendering. Unfortunately, the pressure came at a time when 
the tank was least able to stand it — ^just aiter the tank had been con- 
structed, within six or nine months, when the concrete had not had time 
to harden and develop its full tenacity. The same difficulty had been 
experienced in France. He had seen a report in the Joubnal of Gas 
Lighting, some time back, of a French tank built of concrete, 
which had cracked in the same way. That tank was backed 
up with sand, solidly as they thought, but stiU not with suffi- 
cient solidity to prevent all expansion of the concrete, and the 
result was that it cradled or opened. Water was allowed to pass behind 
it, and thus its equilibrium was restored. He should be inclined, although 
he objected to it some time ago, to put iron bands into the concrete, espe- 
cially in the upper part, where the wall was thinner and the backing was 
not so solid, to resist any strain which might be put upon it when first 
built. He nad certainly not lost his ^th in concrete, but he did not say 
it was to be used everywhere. If he had no gravel at hand, and bricks 
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were eheap, he Bhonld nse fhem, and in like manner he shonld not dis- 
i^nse with paddle if he were constmotinff a tank in clay. Where there 
was no olay, where bricks were dear, and materialB for concrete were 
<iheap, there was no question which was the right oonrse-to pnrsne. He 
did not like puddle at all, and, wherever it was possible, should avoid using 
it, for he had had a great deal more trouble with puddled tanks than with 
concrete ones. There was one error in the paper just read which he 
ought to correct — ^namely, where it was stated that Mr. Wyatt was the first 
to construct composite tanks. That was not so ; the composite tanks for 
the Chartered Company were not decided upon until Mr. Docwra shewed 
Mr. Evans tiie plans of one to be constructed at the South Metropolitan 
Works on the composite plan. The Chartered Company then decided upon 
it, though they were thinking of it before. With regard to concrete, any 
material almost might be used, provided it was clean and free from loam. 
One of the best things to mix was the useless clinkers from the furnaces. 
They mixed well with the concrete, and all descriptions of cement had a 
hold on them which they hardly had on any otner materials. These 
clinkers, therefore, instead of being a drug, might become of great ufte 
where building operations were going on. 

Mr. Patebson (Cheltenham) said he xmderstood from the paper that th^ 
writer did not approve of the ordinary method of mizing concrete in th^ 
dry form, but advised that the cement should be mixed with water, and 
poured over the ballast. That was rather important ; but he should never 
Uiink of doing it in that way. 

Mr. Habtlet said that was only with reference to certain tanks mad6 
iibroad for wine. 

Mr. LiVBszT said he was not so much interested in wine tanks as in 
those of a different description. He understood that Mr. Bichards recom- 
mended that the ballast should be wetted first, and then the cement ap]^lied, 
but no^ in a liquid state. That was certainly contrary to all his experience 
in the matter. The rule was to turn over the materials twice by hand, 
dry, tiben to mix the water, and turn over again twice. They also had a 
further mixing from being put into the barrows and deposited in position. 
Cement certainly could not be properly mixed with ballast if it were 
wetted in the first instance. 

M>. Habtley said what Mr. Bichards laid more stress on was the wetting 
of bricks or stone — ^bricks especially. 

Mr. H. Gobs (London) said that, having had some experience in the use 
of concrete, there was one matter which appeared to him to deserve some 
notice. He understood the writer of the paper to recommend mixing 
Puzzolana with lime ; but he (Mr. G-ore) found it was dangerous to use it, 
especially for a water-retaining tank when in contact with lime. It was 
to all intents and purposes a volcanic cement, due to the decomposition of 
certain matter, and when it was used with lime, and exposed to the action 
of water, after a time it underwent a fresh decomposition ; the lime appa- 
rently extracted the cementing material, and the tank constructed with 
the composition became, to a certain extent, a colander. He might say 
that time was one of the most important elements in judging of the prac- 
ticability of using concrete. His own experience had been that concrete 
which required the greatest time to become periectly soUd was that 
on which the greatest reliance could be placed as to the ultimate result, 
and this was only a natural consequence, bearing in mind what took 
plane. In the mixing of concrete, certain materials were taken and 
surrounded with a substance which underwent some chemical change ; 
in this process the water took a new form, entered into combination with 
these materials, and in proportion as that reciystallization took place, so 
would perfect cementation result. Therefore the longer time that could 
be allowed for the process, the more perfect would be the result. The 
experiments referred to entirely bore out that view. It was shewn that 
if a nun&ber of dry bricks were put together with cement, oivstaUin^ 
action did not go on, simply because there was no permeation of the water 
^ crystallieation with the minute particles of cementing material ; but if 
tiie brick was immersed in water, aU its pores were in a c^dition to abserb 
the cement, and thus the effect Was produced which was so essentia for a 
permanent solid tank. 
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Mr. H. P. STBPfiEtfsoN (London) remarked that his experieno«i in th6 
use of Puzzolana differed entirely from that mentioned by Mr. Qh^te. 
When engaged, many years ago, on the Sunderland Dock, he used it irery 
largely indeed, and found that it beoame as hard as a stone. It was used 
iii connection with blue lias lime and sand, and the mortar to titie present 
day stood as well as the day after it was set. On the general qnestion, ht 
thdnght Mr. Livesey had summed up the matter very carefully, with one 
dmlssion — ^namely, that concrete tanks ought to be carried out by tdry 
carbful workmen, and under a very careful Engineer. If theSe pointft 
W6re Itttended to, they might be safely adopted. 

Mr. HuNTSB (Salf ord) wished to say one word to justify a work in whicdi 
he Was himself eneaged. He understood the writer of tne paper to regret 
that Engineers of the present day were fitiU following the Imes of 60 years 
ago in the mode of constructing tanks, and to express an opinion that the 
antiquated method of building them with bricks and puddle ought no 
longer to be continued. He (Mr. Hunter) was at present construotinflt ik 
verv large tank on that old-fashioned ^lan, simply because, while he alto- 
gether agreed with what had been said about concrete, he could, under 
thd circumstances in which he was placed, build a brick and puddled tank 
much cheaper than if he used concrete, because he was building upon A 
bed of clay. 

Mr. Wabmbb (South Shields) said that at the mouth of the Tyne im* 
mense quantities of concrete blocks were manufactured, generally 
measuring about 10 by 6 by 4 feet. The arrangement in use there was to 
employ, in the construction of these blocks, a cylinder with two sides cut 
off, which cylinder was hung by a travelling crane above the moulds, into 
Which the concrete was allowea to faU. The materials were placed in the 
cylinder, and four men, by means of a winch-handle, turned it roxmd so 
manv times, and then opened a door, through which it fell into the mould. 
He had used a similar arrangement for some time ; but, instead of a 
winch-handle, he placed a drum on the cylinder, round which a rope was 
Wound, and a horse attached to it, so that the motion of the horse rotated 
the cylinder. 

Mr. Mead (Sutton) said that when Mr. G. Livesey read his paper, somd 
time ago, on concrete tanks, he stated, in answer to the writer, that hd 
preferred the old-fashioned practice of puddling. Since then he had had 
Some elperience with a concrete tank, 102 feet in diameter, built some- 
thihg on the same kind of site as that described by Mr. Anderson, being 
on the side of a hill, and on very bad boggy ground. The Bngineer who 
designed it, endeavoured to support it by building some strong piers 
against the weak side of the tank, but soon after it was built the water 
managed to get underneath, and came through at the rate of 3 feet in 
24 hours. That mischief was remedied, and the tank filled again, but the 
nett thing that happened was that it cracked close by the side of the pier, 
the crack descending to 5 feet from the bottom, which allowed the water 
gradually to run away to that level. On a former occasion he had stated 
his objections to building iron hoops into concrete, because he thought 
they would expand and crack the concrete, and he then suggested that a 
hoop round the outside would be the better plan. He was now goinpf to 
try that, and, if successful, he would state the result at the next meetmg. 
He believed that if the tank referred to had been built on the old-fashioned 
plan, it would be sound now. 

Mr. Httnt (Birmingham) said he gathered that Mr. I^ivesey attributed 
the cracks in his concrete tank to the water pressing on the inside. He 
should like to ask him what depth below the coping the cracks occurred, 
and whether he estimated the pressure caused by the water inside as 
against the pressure on the outside of the wall. It was important to 
ascertain whether it was reaUy the pressure which caused these cracks, 
or the shrinking of the concrete from imperfect mixture. 

Mr. Livesey said he felt no doubt it was the pressure of the water. He 
calculated it, and found that, unless the baoMng was very solid indeed, 
cracks might be expected to take place. The backing was formed of solid 
sand, well rammed, but, solid as it was, there was just sufficient elasticity 
to allow the tank to give a little, which resulted in the cracks. They were 
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very elighf , and no inoonvenience aroee, bat still there they were, numing 
from top to bottom. 

Mr. U. Yeeyebb (Bolton) Baid he had constmcted a large tank 142 feet in 
diameter and 82 feet deep, without paddle, withoat cement, and withoat 
sand. He did not ase cement, becaase he preferred hydraolic lime, groand 
with clinkers bom the famaces. It seemed to be the fact that hydraaUc 
lime got stronger the lonser it was left, whereas cement stopped at a 
certain point, when it took the formation of stone, and if it cracked, it 
woald crack like stone. To avoid the walls cracking, he was carefal to 
back ap the brickwork with gravel thoroaghly soaked with water. Ho 
was mach struck with the remark of Mr. Stephenson that a concrete tank 
required very great care, because he did not think it required any more 
care than a puddled tuik. If a puddled tank leaked in the slightest 
degree, there was a tendency for the puddle to get washed away, and the 
hole to get larger ; but in tiie case of a cement or hydraulic uine tank, 
the fissure womd get blocked up, and would not be aggravated by constant 
washing away. 

Mr. Habti/ET, in reply to previous speakers, said he was sure Mr. 
Bichards would be pleased to find what an interesting discussion his paper 
had given rise to. The substance of the paper was that, in making con- 
crete tanks, great care should.be exercised in the mixing of the materials 
and in the construction. He thought Mr. Hunter was under some mis- 
apprehension as to the signification of the expression used, and that the 
writer did not intend any reflection on Engineers who used puddle, but 
rather suggested that, in many cases, Portland cement might be used with 
advantage, and puddle dispensed with. 

The liffisiDENT said he had been sometimes strack with the fact that 
year by year the same matters were brought up for discussion at the 
meetings of the Association, and did not seem to be definitely settled. 
This ajppeared to be the case this year, inasmuch as the remarks made by 
Mr. Livesey pointed clearly to the fact that in some situations one system 
might be the very best possible, whilst it would be utterly inapplicable in 
another. As to constructing a tank without puddle, he should like to 
repeat the opinion he had a&eady expressed more than once, that where 
puddle was to be had at all it was very undesirable to omit it. In the 
case of the cracks referred to, as appearing in concrete, he thought they 
were more likely to be due to a slight contraction which took place in the 
drying, than to the pressure exerted by the water. He saia this with 
great deference, but he founded it on this fact, that observing the walls of 
the Victoria Docks extension recently, he found that although they were 
of great thickness — ^22 feet or 23 feet — ^yet at about every lOO yards there 
regolarly occurred a crack from the front to the back throughout the mass, 
although there was no pressure upon them whatever. This must clearly 
have been due to some slight contraction in the body of the concrete, and 
for this reason he thought that, in the construction of tanks, where puddle 
was to be obtained, it was desirable to use it. The things to be opposed 
to each other were brick and concrete, or puddle and rendering, and he 
perfectly agreed with Mr. Stephenson tnat it was necessary, where 
concrete was used — especially where layer came on layer — ^to exercise the 
most minute and careful attention to the work in its progress. There was 
one point mentioned in the paper which was well worth the time devoted 
to it — ^namely, the necessity for saturating the materials with which the 
work was done, whether bncks or ballast, for making concrete thoroughly 
with water before they were incorporated together. 
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TRANSFER OF GAS-WORKS. 

By Mr. Alfred Penny (London). 

It may possibly be considered that the snbiect of the paper now about 
to be read is somewhat foreign to the main objects of this Society, but the 
matter has of late assumed such large proportions, and the transfer of gas 
undertakings to Local Authorities has been of such frequent occurrence, 
that it has been considered b^r the Council to be a fit subject for discussion 
by the members of this Association. 

It may fairly be asked, why should an industrial undertaking, such as 
the manufacture and sale of gas, which has been established by private 
individuals^ for the supply of a public want, at their own cost and risk, be 
subject to interruption and control by Public Authorities of any kind ? 
The answer is, that the distribution of gas involves an interference with 
the Queen's highway, and a breaking up of streets and pavements, which 
cannot be done legally without the authority of Parliament; and, although 
many small Companies carrv on their operations without statutory 
powers, it is well understood that this is done at considerable risk and 
disadvantage to the Gas Company, if, as frequently happens, any 
differences should arise between them and the Local Authonly of the 
district. 

It is worthy of remark that there are but few instances of a Public 
Authority having established gas-works for themselves, Manchester being 
one of the few towns that have done so. 

As a matter of history, it is well known that when gas lighting was first 
introduced into England, the profits upon the capital invested were 
generally very small, and sometimes absolutely nil. 

At that time, therefore, no disposition was felt by Local Authorities to 
acquire the gas undertakings suppl3^ng their distncts, and it was only 
when these undertakings began to be profitable, that the possession of 
them was coveted by the public bodies, who had, as a rule, done nothing 
to aid or assist them in their early struggles. 

As the value of gas as an artificial light became more fully appreciated, 
and its use extended, the returns upon the capital invested increased in a 
like ratio, and gas undertakings began to take rank as a solid and per- 
manent investment for capital. 

Then commenced the attacks upon Gas Companies whose operations 
had become sufficiently prosperous to tempt the cupidity of Local 
Authorities. 

These attacks took various forms ; sometimes it was a clamour about 
price, sometimes about quality, and an alleged insufficient supply ; but it 
mvariablv led up to the real object, which was a desire to become the 
owners of a profitable undertaking. 

Fortunately, this object could not be attained without the assistance 
and consent of Parliament, who very early made it understood that they 
would lend no countenance to schemes which involved something like a 
confiscation of vested rights. 

Many attempts were made to acquire gas undertakings compulsorily, 
but all ended in failure ; and whenever Parliament were asked to confer 
upon Local Authorities statutory powers to acquire and hold a gas under- 
tudng, or to erect works in competition, these powers were never granted 
nntn after they had agreed to purchase, at its commercial value, the under- 
taldng of the Gas Company whose district they desired to supplv. 

The plea put forward in justification of these attempts was the public 
good, it being contended that the supplv of gas ought to be in the nands 
of Public Authorities, because its distribution involved interference with 
the roads and streets, which were under the control of the said authorities; 
and that the profit made by the Gas Companies, and divided among their 
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Shareholders, ought to be made available to pay for pubUc improTements, 
or to diminiBii rates. 

It was also contended that after a Company had succeeded in making a 
profit sufficient to pay their maximum dividends, that they had no longer 
any motive for economical working, and that to avoid reducing the price 
of gas, and for the purpose of employing capital, they would make un- 
profitable extensions, and also pay large salaries to their managers and 

This is a fair sample of the allegations made against Gas Companies 
by Local Authorities when attempting to get possession of their under- 
taking. 

It will be, I think, quite unnecessary for me to deal with these state- 
ments at any length ; but having had a tolerably large experience in the 
examination and dissection of Gas Companies accounts — sometimes in 
rating cases, sometimes in connection with applications to Parliament for 
statutory powers, and also as the professional adviser of many Gas Com- 
pajiies — ^I am enabled to say that these statements are, as a rule, iucor- 
rect, and not capable of proof. 

My own experience is that, however prosperous a Company may be, the 
i)irectors invariably use their best exertions to buy everything required 
for the purposes of the Company at the lowest possible rate, and certainly, 
as a boay, they have not exposed themselves to the charge of paying their 
officers too liberally; on the contrary, it is my deliberate opinion that 
fhey too often err in the opposite direction, and. having regard to the 
positions of trust and responsibility held by the Managers of gas-works, 
uiey are, as a rule, insufficiently remunerated for the valuable services 
they render, and there is, consequently, no saving that can be made by 
public bodies in either of the above cases. 

The one solitary advantage a Public Body would have over a Company 
would be in the lower rate at which they would raise money for the ex- 
tension of the undertaking, as compared with the authorized dividends of 
the Company upon their share capital; but, as I shall presently show, 
dven this has ceased to exist. 

It is, perhaps, fair to state that the transfer of gas-works in some large 
t6wns has been precipitated, if not actually brought about, by the dissen- 
tions of rival Companies, and the disregard of true economical principles 
exhibited by them in the conduct of their undertakings ; and, notwith- 
standing the ad captandum argument that competition must be of advan- 
tage to the consumers of gas, the public were not slow to perceive that a 
duplication of main-pipes through every street, with the attendant annoy- 
ance and cost caused by breaking up the roads, besides the expense of a 
double staff, with rival Boards of Directors, &c., could not, in the long 
run, be to their advantage. 

In some of these cases the Companies concerned were wise enough to 
amalgamate ; but in others, where party feeling was too strong, legislative 
pressure was brought to bear upon tnem, and the undertakings passed 
into the hands of the Local Authorities. 

This state of things has, however, long ceased to exist, as Parliament 
has permanently recognized the fact, that it is for the true interests of the 
public that Gas Companies should not be allowed to compete with each 
other ; but should, in the interests of the public, be placed under proper 
legislative restrictions, and become, in fact, regulated monopolies. 

By the recognition of these principles, and by agreeing to abandon com- 
petition, and by districting their respective undertakings in 1860, the great 
London Companies have been enabled to hold their own, and to bid 
defiance to all attempts of the Public Authorities of the Metropolis to take 
from them the conduct of their various undertakings. 

I will now speak of the effects of modem legislation upon the interests 
of Gas Companies, as bearing upon the question of the transfer of g^S 
undertakings to Local Authorities. 

By section 66 of the Companies Clauses Consolidation Act, 1845, a Gas 
Cempany having, under the powers of a special Act, raised capital partly 
%y snares and partly by loans. Were entitled, with the do^se^t of the 
Snareholders, to create additional shares at par, and to p9,y off the Maik^ — 
to torn their borrowed money into share capital. 
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This valuable priTilege has now been withdrawn from (Hb Oompaniefl, 
as Lord Bedesdale insists upon a specisi clause being inserted in every 
Gas Bill, whieh prohibits any snoh dealing with that portion of the oapital 
anthorined to be raised by loans, except on the oondilion that shares so 
created should bear a dividend of not more than 5 per cent. 

And by clause 58 of the same Act, any new shares created under the 
powers of the special Act of the Company were 'Ho be apportioiidd 
amongst the then Shareholders in proportion to the existing shares held 
by them respectively." 

I need hardly state that this is now a thing of the past. The Standing 
Orders of last session, which made it compulsonr upon all Gas Companies 
applying to Parliament, either for a new special Act of Incorporation, dr 
for additional powers, to insert what are known as the ''auction clauses " 
in their Bills, nave withdrawn from statutory Companies one of their 
most valuable rights. 

The concurrent introduction of a standard price and a sliding soale is 
doubtless some alleviation ; but, in practice, I think it will be found that 
but few Companies will be in a position to avail themselves of its advan- 
tages. 

The effect of all this is, in my judgment, to take from the Shareholders 
tt Gas Companies all pecuniary interest in the future extension of thdir 
oi>erations. 

W« will now turn to the Gas Works Clauses Act, 1847. 

Bv seetion 80 a limitation of 10 per cent, per annum is placed upon the 
l^roflt allowed to be divided by the Company upon their original paid-up 
Idiare capital. 

Section 81 is of so much importance for my argument, that I make tto 
apology for transcribing it entire : — 

" If the clear profits of an undertaking in any year amount to a larger 
sum than is sufficient, after making up the deficiency in the dividends of 
any previous year as aforesaid, to make a dividend at the prescribed rate, 
the excess beyond the sum necessary for such purpose shall from time to 
time be invested in Government or other securities; and the dividends and 
interest arising from such securities shall also be invested in the same or 
like securities, in order that the same may accumulate at compound 
interest until tne fund so formed amounts to the prescribed sum, or if no 
sum be prescribed a sum equal to one-tenth of the nominal capital of the 
undertakers, which sum shall form a reserve-fund to answer any deficiency 
which may at any time happen in the amount of divisible profits, or to 
meet any extraordinary claim or demand which may at any time arise 
i^ainst the undertakers ; and if such fund be at any time reduced, it may 
thereafter be again restored to the said sum, and so from time to time as 
often as such reduction shall happen." 

Section 83 provides that when the reserve-fund is full, the interest 
thereon shall be dealt with as part of the profits of the undertaking. 

Section 84 provides that the reserve-fund may boused to supplement the 
profits in any year where sufficient has not been earned to provide the 
prescribed rate of dividend. 

Section 85 provides that if there be any profit in excess of what is 
required to pay the prescribed dividend, and it the whole of the reserve- ' 
fond has been, and remains, invested, that the price of gas shall then be 
reduced, &o. 

It is quite clear, from the above, that the establishment of a reserve- 
fand has been sanctioned, if not prescribed, by the Legislature, and that 
iJl Gas Companies, with statutory powers, are entitled, if they think 
proper, to fill up their reserve-fund before reducing the price ofgcLS. 

In practice, however, this is not commonly done, and very few Com- 
panies have any reserve-fund at all within the meaning of the Act — i.e., 
froperiu invented. In most cases, undivided profits are invested in exten- 
sions of the works and plant, and are made to do the work of oapital to the 
great benefit of the consumers. 

But having regard to the fact that circumstances may arise at any time 
which may make it advisable or necessary for a Gas Company to part 
with their undertaking to a Local Authority, I wish to point out that it 
is the interest of all Gas Companies, before unduly reducing the price of 
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gas, to fill ap their reBerve-fnndB, to have their plant in the highest 
state of efficiency, and to keep their accounts in the clearest manner. 

It is useless to attempt to mde the fact that, from various causes, the 
control of gas and water works is passing into the hands of public bodies, 
and it is well that the matter be looked at full in the face, that all parties 
should understand how tiieir interests will be affectedj and how those 
interests may be best protected. 

By the intooduction of " auction clauses " into all Gas Bills, and the 
extinction thereby of tiie rights of Shareholders to take new capital at par, 
their interest in maintaining possession of their undertakings has been 
sensibly weakened, and, consequently, there is no reason to suppose that the 
process of " transfer," which has already assumed such formioiable propor- 
tions, will have less force in the future than it has had in the past. 

So far as the interests are concerned of the gentlemen whom I have now 
the honour to address, I fear they may not be better off under the new 
regime than under the existing one, but it is possible that the gas con- 
sumers may find themselves anything but benented by the change. 

The result of many recent arbitrations to settle the value of gas under- 
takings has been conclusively to show that a Gas Company, earning 
full statutory dividends, wiU obtain not less than 26 years purchase of 
same ; in other words, that the purchasing body will be able only to get 
4 per cent, upon the purchase-money of the existing business. 

In some recent cases of transfer, where there has been an invested reserve- 
fund, it has been, by arrangement, retained by the sellers, and as the ambi- 
tion of the Local Authority purchasing is usually to show a large profit on 
the working of the concern, the experience in the past has been that 
this result is arrived at, for the most part, by maintaining the price of gas 
at a higher level than would have been possible, or necessary, if the 
undertaling had remained in the hands of a Company controlled in their 
operations by section 85 of the Gas-Works Clauses Act, the restrictions 
contained in which have never yet been imposed upon a public body 
having authority to supply gas, who are at liberty to make any profit they 
can, so long as the;^ charge no higher price for gas than the maximum 
price named in their Act, or in that of the Company of whose undertaking 
they have become possessed. 

It is quite clear, therefore, that gas consumers may, by this means, be 
taxed for the benefit of those ratepayers who are not gas consumers. 

The foregoing observations are principally directed to the case of those 
Gas Companies having statutory powers ; but there are many instances of 
Local Boards, in growing districts, attempting to acquire the control of the 
gas supply in their respective localities, where the Gas Company are not 
protected by a special Act. 

I need hardly point out that in such cases the non-statutory Company 
are at a great disadvantage, and, in fact, have no option but at once to go to 
Parliament for an Act of Incorporation, because, under the powers of the 
Public Health Act, 1876, section 161, any Urban Authority, where there is 
no company or person authorized by Parliament to supply gas for public 
or private purposes, may themselves undertake the supply of gas 
throughout the whole or any part of their district ; that is to say, a non- 
statutory Company whose operations are not protected by a special Act or 
by a Provisional Order, confirmed by Parliament, are very much at the 
mercy of the Local Authority desiring to acquire the gas undertaking. 

Very exaggerated notions of the burthens which the cost of an Act would 
entail upon a small Company prevail, but experience has shown that the 
benefits far outweigh the cost. 

There are numerous Companies, with a sale of from 6 to 12 millions, with- 
out statutory powers. If a Special Act costs say £800, taking the sale of 
the smaller quantity, the cost of the Act would only entail an additional 
charge of about l{a. per 1000 cubic feet, and for the larger quantity 
about Id., while the possession of the Act will not onl^r be a source of 
strengtn in dealing with the Local Authority — ^the operations being pro- 
tected by Statute— but will absolutely enhance the value of theunderta^ng 
for sale, to a greater extent than the sum exi>ended in obtaining it. 

I therefore strongly advise small Companies tidthout statutory powers 
seriously to consider this question in connection with the subject of pro- 
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bable or possible transfers in the future, and to protect their property in 
the way I haTe indicated. 

I will now bring this paper to a close, and while I am quite sensible 
that the information it contains is already well known to many gentlemen 
now present, yet there are doubtless others to whom it may be useful. 

I have no other motive in bringing before the meeting the subject of 
this paper except that I may add my mite to the mass of valuable in- 
formation which has been graduaUy accumulating since this Association 
has been established, and will only say, in conclusion, that whether the 
gas-works of Great Britain remain in ^e hands of private companies, or 
pass into the possession of public bodies, it is quite certain that there will 
never be a lack of able and honourable men, with the necessary scientifio 
knowledge and skill, to carry them on with advantage to the public and 
credit to themselves. 



Mr. H. P. Stephenson said it was very curious that in the parliamentary 
arrangements made with regard to Gas Companies, the authorities were 
very careful that in Gas Companies Bills stringent clauses should be 
inserted, defining very exactly the powers conferred ; but when public 
bodies themselves went to Parliament the;^ never said anything whatever 
about these things. They seemed to think they were such virtuous, 
honest individuals that ful these matters might be left to their own 
honour. What struck him in connection with the paper just read was 
this— that, if some small Companies went to Parliament to get an Act. 
with a view to afterwards transferrinp^ their undertakings to the Local 
Authorities, they might have such disagreeable provisions included in 
their Acts that the Local Authorities would not have anything whatever to 
do with them. 

Mr. Sheppabd (Horsham) said there was one point which might affect 
the interest of many members present. It would be found in the Public 
Health Act that, when a Local Governing Body purchased a statutory 
Companv, they were required to make remuneration to the officers. He 
would, tnerefore, suggest to those present, if they happened to belong to 
non-statutory Companies, that they should use eveiy endeavour to induce 
their Directors and Shareholders to get incorporated. 

Mr. Stobeb (Stafford) desired to thank Mr. Penny for his admirable 
paper, and only regretted that it had not been read several years ago. 
Htui it been, it would have given information to many Gas Managers, 
which would have proved very useful to them. Had his Company pos- 
sessed the information some few years ago which he had been in possession 
of some few montiis, the Stafford Gas- Works would never have been trans- 
ferred to the Corporation at the price they were, although the price obtained 
was nearly 80 years purchase of the dividend ; and it was a compulsory 
sale too, which was about as high a price as that of any gas-works which 
had been transferred. Looking at the tendency of things in the present 
day, he would advise his brethren to put their houses in order, and have 
all the apparatus connected with their works thoroughly up to the mark; 
to let eve^hing be done as well as it possibly could be done ; to fill up 
the reserve-frmd ; and, amongst other things, if the Corporation had not 
already an Act by which they had power to purchase the works, to care- 
fully watch that Act when it was being obtained. The Act at Stafford, under 
which ti^e Corporation obtained the power, was unfortunately not watched. 
He would not say whose fault it was, because the party was not present ; tilie 
consequence was, a clause was inserted which was never noticed until 
about a week ago, the effect of which was that the whole of the purchase- 
money must be equally and rateably divided amongst the Shareholders, 
without any provision being made for the compensation of Directors or 
officers. Tne transfer did not take place without going to arbitration. 
Some of the most eminent men of the day examined the works, and under 
the arbitration certain awards were made. Amongst other things, were 
certain sums allotted for the Secretary and for Directors; but he was 
sorry to say ihat, in consequence of the clause mentioned, all those 
allowances had vanished, and the Directors found themselves obliged 
to pay over every penny of the purchase-money to the Shareholders. 
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FpHwu^iahr it wm duoovezed that the Compft&y had not p«i4 their foU 
dividends lor a certain time, and they were aole to capitalizQ the interevt 
on the debenture stock which had been borrowed at irom 4^ to 8 per 
cent., or else they would have been handed over, tied hand and foot, 
at 25 years purchase. 

Hr. Casb CBalifax) rather regretted the tone that some of these discus- 
sions took with regard to Corporations. He had made a simihur remark at 
the Ust meeting, and as so many Members of the Association now repre- 
sented Cori>orations, it was only fair that some one should take the Corpo- 
ration si^e in these questions. He for one thought a great deal more was 
said about Corporations than was altogether justified. Of course, there 
were^some Corporations whom no one admired, and, judging by the way 
in which some Companies rewarded their servants, none of them would 
like to be in similar institutions. But he had had experience of some 
Companies who did not do exactly as they ought to do, or as they con- 
sidered a Company ought to do, just as there were some Corporations 
who did not exactly do what they would like. It struck him that if the 
Members of the Association were to foUow out the President's suggestion, 
and make a report to their respective committees when thejr went back, 
and had to state that the meeting had been engaged in pitching into Cor- 
porations, and showing them up m the most deplorable light, these bodiecf 
might be induced to reconsider the question whether they would allow 
their Engineers to come to these meetings. He was quite certain that 
many of these reports got into the hands of Corporations, and he could 
not think that the members of those bodies who read them would be 
favourably impressed by what they read as coming from the 'mouths qi 
iiieix servants when they assembled together. Some gentlemen objected 
to his remarks, but he was not speaking so much about anything which 
had been said that day, but was rather drawing a strong case of what h^ 
desired to avoid. He thought they should try to make the Association as 
representative as possible, not of gas companies, but of the engineering 
profession ; and he was sorry to see that the Joubnal 07 Gas Lightiivq 
took a one-sided view of this matter — even going the length of questioning 
whether any man of honour could serve a Corporation. He thought those 
remarks were to be deplored. They did not improve the position of those 

gentlemen who did serve Corporations, and he was quite sure they did 
arm. 

The Pbesedent, interposing, said the discussion of remarks which 
appeared in the JouBNAii 07 G-as Liohting was hardly pertinent to the 
question. 

Mr. Cabb said he would, of course, bow to the decision of the Chairman. 
There were one or two remarks in the paper which seemed to him rather con- 
tradictory. One was that Gas Companies invariablv did the best they 
could, independent of any pecuniary benefit it might be to the consumers. 
Then, in deploring the action of auction clauses, Mr. Penny went on tQ 
say that the effect was to take away any pecuniary benefit the Company 
might have from the proper regulation of their business. These two 
things did not go very well together. He was not exactly of the opinion 
expressed with regard to the auction clauses. He thought 10 per cent, was 
a very high sum to be guaranteed by Parliament as the return for money 
to be invested, though it was not at all too high for monev which had 
been invested under risks which did not now exist. Seeing that the risks 
had all been removed by Parliament, he did not see that so high an 
interest was required for money which had to be invested in future. 

Mr. Helps (Bath) said they must all be thankful to Mr. Penny for his 
interesting paper regarding the transfer of gas-works to Corporations. 
He would suggest that some member should read a paper next year on the 
other side of the question — ^namely, the transfer 01 gas-works from Cor- 
porations to Companies. 

Mr. WooDALL (Leeds) said he had occupied for some time the exceptional 

Sosition of being in favour of the transfer of gas-works to Corporations, 
i Leeds the Corporation were doing all that any Company could be sup- 
posed to do in the interest of the gas consumer, and the line of policy they 
pursued was the very opposite to that which Corporations ordinarily fol- 
lowed. When he went to Leeds he found a deficit of something like 
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£30,000,^ due from the gas undertaking to the borongh fond, and until ihev 
had paid that, the Corporation did not feel ju^ified in dealing witn 
the profits as belonging to the consumers. But that amount once paid off, 
he propounded the principle of " gas profits for gas consumers," and, 
somewhat to his surprise, he had very uttle difficxuty in permeating the 
whole Corporation with his view on the subject. From that time the 
Committee had gone to the extreme in that direction. They did not even 
wait for a balance in order to be assured that they might sell gas at a 
lower price in the year following, but they anticipated the balance which 
was to accrue, supposing the price were maintained, and [he had his 
instructions each year to prepare an estimate in such a way that no 
balance should remain. In fact, it would be best work on his part to make 
the income and expenditure exactly balance, and not allow oi one penny 
being paid even for income-tax. But whUe ne favoured this principle of 
the truisfer to Corporations, he did not see that much good could resi^U 
te any parties, now that auction clauses were introduced into aU new 
Acts, because under the auction clauses, a Company would in future erect 
additional works at a cost of 5 per cent., whereas a Corporation must pay 
4, or 4^, or perhaps 4f per cent, for money they required to raise ; and 
they must put by, for a sinking-fund, perhaps 1 per cent., so that the 
charge for the future gas business of Corporations would be quite as large 
as if the business were managed by Companies. 

Mr. Penny said there was not a great deal to reply to. Mr. WoodaU 
had made some apposite remarks; but he thought the line of oonduot 
adopted by the Corporation of Leeds was an exception to the rule. His 
own opinion was that, when Local Authorities acquired gas-works, they 
did it with a view of obtaining profits for some generaJ purpose. Nq 
doubt the idea was that it would be a benefit to the township; but as it 
happened, the profits so obtained were provided by the gas consumers, so 
that those Who were not gas consumers received a benefit they were not 
entitled to. However this might be, he did not consider that lus observa- 
tions on Local Authorities and Corporations were obnoxious to the 
remarks made by Mr. Carr. This gentleman overlooked the fact that 
Loc^ Authorities first attacked Gas Companies, with a view to get posses- 
sion of their property. He (Mr. Fenny) had certainly not said much to 
the detriment of Corporations in respect of their conduct of gas under- 
takings; but, all the same, he believed their management was not superior 
to that of the Companies whom they superseded, nor did he think, if his 
paper were read carefully, it would be considered by Corporations that 
their officers had been placed in a false or improper position bv merely 
listening to its contents. What Mr. Storer had said was much to the 
point — viz., that it was necessary for Gas Companies, and those who advised 
them, to be very careful in the conduct of their operations, having regard 
to what might possibly happen. The mischief in Mr. Storer's particular 
case was done long before the arbitration commenced, and could not be 
undone by those acting for the Company at the time the arbitration was 
being held. So far as ne could gather, those whose duty it was to watch 
the Stafford Corporation Bill watched it at a distance, and so did not see 
those obnoxious clauses which bore so hardly on the officers of the 
Stafford Gas Company. There was no doubt that when a Gas Company 
were about to be transferred, it was advisible, if possible, that the interests 
of those who had been serving them so many years should be studied. 
He should, therefore, strongly recommend the Directors and Officers of 
Gas Companies, when a transfer of their undertaking was in contempla- 
tion, not to wait until the mischief was done, but at once consult those 
competent to advise them, who were constantly engaged in parliamentarv 
business, and Imew what the meaning of those little clauses were, which 
appeared simple in themselves, but which sometimes had very serious 
consequences when they came to be inquired into and acted upon. 

The President, in closing the discussion, said he was quite sure the 
whole body of members would have supported Mr. Carr in the obser- 
vations he had made, but he was not aware that, either in the present 
discussion or any other when he had been present, anything had been 
uttered to which exception oould be taken. 



CAPITAL AND REVENUE. 

By Mr. Geobge Livesey (London). 

'' The Proportionate Capacity of Apparatus and Standards for Capital 
and Expenditure " is one of the sngp^ested titles for a paper, and althoogh 
it appears a very practical snhject, it will probahly be lonnd, on farther 
consideration, an exceedingly dijBicnlt one to deal with satisfactorily. The 
first port, relating to the proportionate capacity of apparatus, would pro- 
bably be answered in the best maimer if a return could be obtained fiom 
a sufficient number of the members of the Association to be fuUy repre- 
sentatiTe of all the varied circumstances under which gas undertakmgs 
enst, setting; forth the capacity and the cost of construction of the retort- 
houses, condensers, washers, scrubbers, purifiers, gasholders, and mains. 
An indiTidual can give only his own experience, which certainly could 
not be accepted as a reliable standard for all gas-works, seeing that no 
two can be exactiy alike. 

In reference to capital, which is the chief subject of this paper, it ought 
to be possible to find a maximum standard, in proportion to gas-producing 
power, which shall be capable of application to all except the smallest 
works. 

The relation of capital to revenue is, in principle, a simple matter, but 
in our business it is complicated by such a variety of circumstances and 
interests that a great confusion of opinion and of practice has resulted. 

Ca^tal may be defined as money represented by productive works, or 
used in working a business; there is a vast amount of so-called capital 
which is unfortunately represented by nothing at all. To begin with, we 
have the National Debt, which represents notlung but the good faith of the 
country, and its ability to pay, not its debt, but merely Ihe interest ; but 
the debt is not capital representing actual property. Again, there is an 
enormous amount which goes by the name of capital, although it stands 
for nothmg but money spent in fruitiess contests, in waste of various 
Idnds, mistakes and extravagance on works that are obsolete or worn out, 
and on works that now have no existence. 

This does not apply to gas-works merely, but to railways, docks, water- 
works, and to joint-stock enterprises generally. So long as a concern is able 
to pay interest on its nominal capital, it is assumed that the capital is 
represented, and it has a market value ; but I hold that the only sound 
position is tiiat the works and plant should be fully worth, at all times, 
the sum charged against them in the capital account. It is quite true that 
capital may, nay, must be expended, and with perfect fairness on other 
things than plant. For instance, the cost of an Act of Parliament, or the 
legitimate expenses attending the starting of an undertaking, or the amount 
paid for a foreign concession, are all proper charges on capital ; but a 
sinking-fund must be provided out of revenue to liquidate the cost of the 
concession by the time that it expires. Preliminary expenses also should 
be written on as soon as possible, and even the cost of an Act of Parlia- 
ment. Although the powers conferred by it may be exceedingly valuable, 
present and prospective, still, changes being possible that may render an 
Act of Parliament valueless, the capital account should be cleared of this 
charge also, in order ultimately to attain the position of having every 
penny of capital fully represented by the structural value of productive 
works. 

This may be said to be a mere truism, and in the case of the individual 
miUowner, manufacturer, or shipowner, it must be accepted and acted 
upon, or he will sooner or later find himself in difficulties. The principle is 
recognized and put into practice by the great Steamship Companies, and 
there is, I suppose, at least one English G-as Company, whose works are 
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all on the Gontinenti and one or two Companies with works in England, 
where the yalne of the plant exceeds the amount of the paid-np capital. 
Bnt these are exceptional cases, and not recommended for imitation; 
they are sacrificing, to some extent, the interests of the existing Share- 
holders for the benefit of posterity, or for the public body that may pur- 
chase their undertaking. They have, however, as yet, found scarcely any 
imitators, the overwhelming majority erring in the opposite direction at 
the expense of future generations of Shareholders or of the Public Autho- 
rities who may be tempted to purchase. 

In many cases the disparity between the value of the works and the 
interest-bearing capital would, if the business were not of an exceptional 
character, be simply ruinous. Where would an ordinary manufacturer, 
exposed to fair competition, find himself if his phmt for maMng a certain 
article had cost just double as much as other makers had expended on 
similar plant ? The question needs no answer. 

Having made the statement that saa undertakings generally have a larger 
capital than is represented by works, it is necessary to bring evidence in 
support of it, and to name a standard of capital in proportion to gas-pro- 
ducmg power that shall be fairly applicable to ail ordinary cases, and 
allow -a good mar^fin for unforeseen contingencies. The margin will be 
somewhat greater in large works, but not so much greater as would appear 
at first sight. For instance, a retort-house to enclose ten retorts would 
probably cost less in proportion to the number of the retorts than one to 
cover 200, seeing that the walls of the small house will be less than half 
the height and tnickness of the large one, and the roof also will cost less. 
On the other hand, small gasholders cost more in proportion than large 
ones. 

Four years ago, in this room, I said that the capital expenditure on new 
plant might, in most cases, be kept within £5 per ton of coals used in the 
year. I am now prepared to say that where the capital exceeds £5 per ton, 
or, say, lis. per 1000 feet of ffas sold, the capital is greater than the value 
of the works, mains, and working capital. It is better, perhaps, to take as 
the unit the 1000 feet sold, rather than the ton of coals used; but if we 
assume that the unaccounted-for eaa does not exceed 10 per cent. — ^it 
should be well within that figure — ^the ton of coals will stand for 9000 feet 
of gas sold. These terms are easily convertible by dividing the amount 
per ton by nine ; and so, for convemence and simplicity, I shall take the 
ton of cotds as the unit. 

Of the totfJ capital, if a Company pay all their accounts in cash when the 
goods are delivered, nearly 10 per cent., but not exceeding that amount, 
will be required for working capital ; tlus leaves £i 10s. per ton for plant. 
It is generally agreed that of the capital expended, about two-thirds will 
be laid out on the works and land, and ozve-third on mains, meters, and 
services. By this rule we obtain out of the £5 — 

Works per ton of coal • £B 

Mains, &o., outside the works ....... 1 10 

Working capital 10 

Total jes 

Or at per 1000 feet sold it will be— 

Works jeo 6 8 

Mains, &c 084 

Working capital, about 010 

Total £0 11 

This statement is based on my own experience in the construction and 
valuation of works. It is supported by tnat of eminent engineers with 
whose work I have become acquainted, who have exceeded in economy, 
without sacrificing efficiency, anything that I have done. 

The item of £1 lOs. per ton, or ds. 4d. per 1000 feet sold, for the outside 
plant, does not require detailed evidence to prove its sufficiency. I, there- 
fore, proceed to sustain my assertion that £8 per ton, or 6b. 8d. per 1000 
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fMt lold, as applied to the cost of works and land is soifieidiit, by th« 
following actaal cases, tho names only being withheld. 

It is not contended that the capital account shonld be exactly divided 
at aboTO indicated. All that I wish to maintain is, that the £5 per ton, or 
Us. per 1000 feet sold, is a sufficient maximum capital for all but very 
small works. 

Case No. 1.— Small works in Yorkshire, complete in every respect, and 
cai>able — ^with a margin of at least 15 per cent, of retorts out of use in the 
depth of winter— of carbonizing 16 tons of coals per day, or 8200 per 
annum— say, 8000 tons— which, with a total cost oi works and land of 
aE8420, nves £2 16s. per ton of coal, or 6s. 8d. per 1000 feet sold. 

Case I?o. 2. — ^New works on new site, to replace old worn-out works in 
a cheap district— North of England. The Company with a heavy capital, 
and very little to show for it, necessitating great economy. With a little 
correction, these works can be taken as capaole of using 100 tons of coals 
per day, or 20,000 tons per year; but taking them as constructed, there 
IS a retort-house, to contain retorts sufficient to carbonize 125 tons per 
day, and to allow more than 10 per cent, out of use. Condensers, ex^ 
hausters, purifiers, scrubbers, and meter for 100 tons, or 1,000,000 feet per 
day. Gasholder storeage, 600,000 feet. Cost, inclusive of six acres of land 
complete, £28,600. Coals used in the year, SKXX) tons, equal to £2 12s. 6d. 
of capital per ton of coal, or 4s. 9d. per 1000 feet sold. 

But, by adding another gasholder for 600,000 feet, and setting some 
additional retorts, the capacity of the works will be brought up to 100 tons 
per day, or 20,000 tons per year. For these additional works, I add, as the 
outside cost, £11,000, which is more than they would amount to at the 
rates at which the other work was executed. 

The total, therefore, for 20,000 tons per year will be £84,600, equal to 
£1 14s. 7d. of capital for each ton of coal used in the year, or less than 4s. 
per 1000 feet sold. 

Case No. 8.— Some entirely new works, not 100 miles from this place, 
erected as an additional station for a large Company, calculated to make 
3,000,000 a day, corresponding with a consumption of 60,000 tons of coals 
per annum. Cost complete, with a large plot of land, very little over 
£100,000, or well within £2 per ton of coal, or 4s. 6d. per 1000 sold. 

It is right to add that cases 1 and '2 are in cheap districts. No. 1 being 
erected at the time when prices were rising, No. 2 in cheap times, and case 
No. 3 is not in a cheap district; but the work was done, and done 
thoroughly weU, when prices were low. 

Case No. 4 is that of a large Company where a large area of land was 
purchased, some ten or twelve years ago, adjoining the works on which 
the extensions have been made. This Cpmpany have, I know, charged to 
capital, during the past 12 or 15 years, a sufficient sum to pay for all the 
outlay on land, works, mains, meters, &c., to -meet the requirements of a 
business that rather more than doubles every ten years, with the result 
that the proportion of capital to coals ugfed lias remained stationary at 
about £4 15s. of capital to the ton of coal. At the same time the price 
charged for gas by tnis Company has, during the whole period, been lower 
than any of their neighbours. A very large proportion of the additional 
work was executed during those late years of excessive prices, and the 
surplus power of the works has been very considerably increased. The 
gasholder capacity, in 1866, was less than 80 per cent, of the maximum 
make, and in 1877 it was 115 per cent., while the retort power, with the 
other portions of the plant, has. been increased to a corresponding extent 
beyond the proportions of ten or twelve years ago. 

I do not say that the cost of the works, as set forth in^cases 1, 2, and 3, is 
to be taken as a standard, for I consider that any standard should be 
based on average prices and circumstances ; but these cases, taken in con- 
junction with case No. 4, fully warrant me in saying that £5 per ton, or 
lis. per 1000 feet sold, is a sum that ought not, in any case, for new works, 
except the very smallest, to be exceeded. Whether or not it is necessary 
or desirable in all cases to make the effort to reduce existing capitals to 
this level is not my business to decide. It is a complicated question, and 
must be settled bv those immediately concerned. I only say that any 
capital exceeding this standard is not represented by works. 



35 

That capitals generally exceed this limit is an nndonbted fact; but, in 
order not to appear inTidions, I take the London Companies as on 
example. 

In 1861, when the first parliamentary return was made, the agoregate 
capital of the 18 London Companies was £5,647,899, and the coals used 
did not exceed, but nearly approached to 644,CX)0 tons. I cannot obtain 
exact figures, bat know that this may be taken as sufficiently correct. 
This works out to close upon j£9 of capital per ton. 

In 1869 the capital, share and loan, amounted to £7,828,844, and the coals 
t.0 1,171,688 tons, which gives M 13s. 8d. per ton, the highest amount of 
capital being £8 7s. 4d., and the lowest £4 10s. 6d., three of the 13 Com- 
panies being below the £5 standard. 

This shows a very great and commendable improvement, and it shows, 
moreover, what ina.^he done in the reduction of capital. 

In 1877, another interval of eight years, we find only six Companies. 
The total capital amounted to £11,845,749, and the coals used to 1,614,246 
tons, or £7 6s. lid. per ton, the highest being £8 Os. 2d., and the lowest 
£4 15s. 8d., only one of the three Companies, with capitals below £5 per 
ton, being left, the other two having been amalgamated. 

During this last interval, a great increase has taken place in the capital 
aocoxmt of some of the Companies, while that of others nas been very con- 
siderably reduced. The increase is accounted for by the gigantic works 
that have been erected, and has, therefore, to some extent, oeen unavoid- 
able ; but it ought to be reduced from year to year, as these works come 
more and more into use. 

Notwithstanding all these variations in the capitals, the course of the 
Companies has been one of almost uniform prosperity, and the question 
naturallv arises. How is it that these undertakings shoula be so prosperous f 
Either tne principle laid down in this paper is altogether wrong, or there 
is something extraordinary in the circumstances under which G-as Com- 
panies exist. 

Some wlQ at once say that it is all owing to the absence of competition, 
which is, in a sense, correct; but if the inquiry is carried somewhat 
further, it will be found that the defective legislation, which has been 
brought to bear on the Companies from outside, bv those who wished to 
exercise control over them, has the most to answer for. 

The legislation controlling Gas Companies was framed in the days 
when competition was universal. I refer to the general Act of 1847, which 
was, for those circumstances, an exceedingly good and just Act, both for 
the public and the Companies ; but when tne circumstances had entirely 
changed, by the complete abolition of competition, this Act, in its relation 
to capital and dividend, became obsolete. This the Authorities did not 
see, and in the Metropolis Gas Act, 1860, they incorporated and reaffirmed, 
with some slight limitations as to back dividends, the 1847 Act. That it 
was a great mistake is, I consider, amply proved by the widespread and 
almost continual discontent which the public authorities have shown since 
I860 towards the London Gas Companies, which dissatisfaction has been 
reflected in the provinces, resulting in endless inquiries in Parliament, 
which produced, after a three years contest, the Act of 1868, providing a 
power of revision. The notorious revision clauses utterly failed to give 
satisfaction ; the discontent they produced leading to another protracted 
inquiry, which led, in 1875-6, to the adoptioil of the principle of the sliding 
scue, advocated by the writer before this Association in 1874. This was, 
at the time, vehemently opposed by the Companies, who allowed the 
right opportunity for its adoption to pass ; but, after twelve months con- 
sideration, they effected a treaty of peace with the Authorities on that basis, 
and were compelled to accept 'tne auction clauses, which I did not 
recommend, and, as a Gas Shareholder, do not like, but against which I 
cannot argue, for I consider them a just arrangement under the circum- 
stances of non-competition in which Gas Companies are placed. 

So far the sliding scale has worked satisfactorily; the public have not 
grumbled, but have rather commended the increased dividend that has, in 
one or two instances, been paid in London. I hope and believe that the 
Companies— who now express their satisfaction with the slidine scale — 
if bad times come, necessitating a reduction of dividend, will-' cheerfully 
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aaquijBSoe, tor it is simple justice that prodacerand consomer should share 
in fair proportions the adTantacesof prosperity and losses of adversity. 

The old legislation designed for competition, but continued after it was 
abolished, made it difficult to do right, and easy to do wrong in reference 
to capital; but now there is no excuse, thanks to the valuable tables com- 
piled annually by Mr. Field, to legislation on sound principles, and to the 
light thrown on the question by the numerous pubuc inquiries into the 
matter. 

There is, however, ample justification for the excessive capitals of the 
Companies. Theu did not create the legislation, it was forced upon them 
by Parliament; tney dl'l not create a state of competition, it was forced 
upon them, in most, if not all cases, by the Consumers ; therefore the Com- 
panies cannot be blamed for the natural result of Acts not their own, nor 
xor reducing their capitsd by extending their works out of revenue. 

Lest the advocates for competition should think that a return to it would 
be beneficial, let me saj that it was the cause of a greater amount of waste 
and loss, both on capital and revenue account, than any other circum- 
stance adSecting Gas Companies — a waste and loss which ultimately fell 
upon the Consumer, and to this objection to competition must be added 
the immense public inconvenience that resulted irom the multiplication 
of mains in the streets. Competition is utterly out of the question ; it is 
a system most expensive to the Consumer, while it is ruinous to the G-as 
Company. 

There is, however, one serious objection to a small capital. In these 
days, when scarcely a week passes without a report of a Gas Company 
having been purchased by the Local Authorit^r, which fate stares all the 
rest in the face, it is but natural that the question of a reduction of capital 
should be looked at in reference to its effect on the probable terms of pur- 
chase. It is the fact that, with purchase in view, it is a positive and great 
disadvantage to a Company to reduce their capital. The rule is, not to 
take as the oasis of purchase the intrinsic value of. the concern, but only 
the amount of dividends paid. I will put a hypothetical case : 

Company No. 1 sell 100 millions a year, and nave for this purpose the 
moderate capital of, say, £60,000 (a trine below the standard of JB5 per ton); 
they divide amongst shareholders, at 10 per cent., J95000 a year, and the 
price they would receive from a purchasing auuiority would be, at 25 
years purchase, £125,000. 

Company Ko. 2 also sell 100 millions, but have the extravagant capital 
of £100,000, or nearly £10 per ton of coal; the dividend amounts to £10,000 
a year at 10 per cent., for which they would receive £250,000, or double the 
amount of No. 1, or even if half the capital was at 7 per cent, they would 
tiien receive as dividend £8500, and as purchase-money £212,600, 
against £125,000 in the other case. 

Where is the justice of this, and how can any Gtu3 Company be expected 
to exercise such a high standard of exalted virtue as to reduce their capital 
when purchase on this system is in view? It may be thought that 
my illustration is much exaggerated, but such is not the case. A 
transfer has just been effected under the following circumstances : — The 
Company's able Manager has for years been working with the view to 
reduce the capital to a thorouehl^r sound basis, and has succeeded in 
bringing it well within the £5 limit, and in getting in addition a large 
excess of plant. The Counsel employed to conduct the case before the 
Arbitrators was unable to secure more than the usual terms, althougl^ if 
the capital account had been run up to £7 or £8 per ton, the Shareholders 
would nave received half as much again for the very same property. 

What, then, is to be done ? Parliament has, in a measure, caused, and 
has undoubtedly sanctioned, the past expenditure on capital. It may be 
wise to reduce this, and it is quite fair to effect tiie reduction out of 
revenue, but as to future expenditure on capitis account there ought to be 
no doubt. 

Capital may be lost by the construction of more expensive works 
than are necessary; and that there is a tendency in this Erection there 
can be no doubt. Human nature likes grand things, and Committees 
of Town Councils, with the rates, as they say, behind them, as well as 
Boards of Directors, are not free from this infirmity. They are frequently 
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carried away by an imposing appearance, when something mnoh more 
simple and less en)enBive, wmle equally good, would answer the purpose. 
Contractors and Manufacturers naturally throw their influence into the 
scale in favour of expensive plant, and I can find no fault with them for 
doing so, except with those who find in it a larger margin for the exercise 
of the bribery to which some of them owe a large portion of their 
business, as one who signed himself a ** Commission Abolitionist," in a 
letter he addressed to The Times, confessed that he had made, his business, 
to a great extent, by this system, and then endeavoured anonymously to 
kick over l^e ladder by which he had mounted to prosperity, and at the 
same time to destroy the reputations of ail connected with gas-works. 

Engineers and Managers also have a laudable desire to nuuce their works 
as substantial and good-looking as possible ; but this often leads to loss of 
capital in needlesuy expensive constructions. I do not by any means 
advocate anything paltry or shabby, but I believe that gas-works that are 
soundly, but not too substantially, consfcructed, well proportioned, and 
with an evident fitness for the purpose for which they are intended, without 
any direct attempt at ornamentation, and with economy apparent in every 
feature, will look when in use, and the dirt and smoke have had time to 
take effect, infinitely better than those highly ornate constructions tiiat 
have such a fascination for some people. To my mind, this high art, as 
it may be styled, is out of place in gas-works, which, when placed in a 
suitable position, are scarcely ever seen, and, if seen, are not likely to be 
admired, except when quite new and clean. 

Let it, then, be our object to produce the greatest effect with the 
smallest expenditure. A lavish expenditure may, in one sense, be a benefit 
to some, but economy and care on the part of each or any section of the 
community is the only way to create lasting prosperity. 

A word as to revenue. In these Hdmes, when all traders are complaining, 

Sas undertiUdngs still find their revenue maintained. It is, however, their 
uty to make a right use of it ; they are, in fact, bound, by the common 
bond of duty to the community, to exercise care and judgment in the 
appropriation of revenue; and to us, as Q-as Managers, it is highly impor> 
tuit that we should give our attention to this question as well as to tiiat 
of capital. 

Taking the gross revenue, which we will assume is carefully coUeotwl, 
and that the most has been znade of all tiie sources from which it is derivcid, 
tiie first charge upon it is to pay for the materials and labour required in 
the ordinary wormn^ of the business; the second is the annual expendi* 
ture of so much of it as is sufficient to maintain the works and plant in 
thorough good order at the full capital value. Where portions of the plant 
have become obsolete or worn out, they should be renewed out of revenue, 
and in cases where apparatus of increased size is erected to replace that 
which is used up, only the cost of the additional gas-producmg power 
should be chargea to capital, the rest being borne by revenue. It seems 
almost waste of time to insist on such a self-evident principle, but it is 
necessary, because it is a very common practice to charge the whole cost of 
renewals to capital, and where new works are erected this is almost the 
universal rule. I suppose because the value or the original cost of the 
abandoned works is too gpreat to be taken from revenue in any year; but 
where this is the case, a sinking-fund ought to be established, writing off 
from revenue a fixed sum yearly until the whole is liquidated in a reason^ 
able time. It should be remembered that after the new works are erected, 
tiie charge for repairs for some years will be merely nominal : it would 
therefore be fair and right to charge against revenue the full normal 
amount for repair and maintenance, and thus reduce the capital by 
writing off something every year; or, if this cannot be done, by paying 
the cost of additional plant and extensions from revenue. 

In the appropriation of revenue for the maintenance of works, there 
would be no difaculty if a fixed and certain sum each year were required; 
but it sometimes happens that a very large sum is required in a single 
year, as, for instance, when a gasholder has to be renewed, or a large ^as- 
nolder must be erected in the place of a smaller one. The rene^ral is a 
charge that shoxQd be entirely Dome by revenue, and, in the other case, 
out of the total cost of the gasholder, so much should be charged to 
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xavenae as wiU repxBsent the original value of the small holder. Sap- 
pofliog a small holder oost J£8000, and in its place a larger one is erected, 
costing £10,000, of this sum ^£7000 is chargeable to capital, and £8000 to 
revenue. 

Unfortunately, the various Acts of Parliament provide no depreciation- 
fund for meeting such cases; consequently, it very commonly happens 
that the whole £10,000 is charged to capital, thus making the accounts 
show £18,000 as the amount expended on this gasholder, while it is onlv 
worth £10,000. The creation of a suspense account, to liquidate the £800(5, 
would, imder these circumstances, be a proper thing to do. Anything, in 
fact, bein^ better than to allow the £3000 to stand as part of the capital, 
with nothing to show for it ; but suspense accounts should, if possibk, be 
avoided. 

The Gas- Works Clauses Acts provide that, after paying full dividends, 
and filling up the reserve-fund, all further profits shall go to the con- 
sumers, in the shape of a reduction in the price of gas, overlooking entirely 
the necessity for a depreciation-fund, or a maintenance-fund, which should 
be the first object of attention. 

The only suggestion I am able to make is that, after filling up the reserve- 
fund, a moderate surplus should be gradually accumulated and carried 
forward from year to year as an undivided balance. I do not think any 
objection could be taJsen to this course, provided the balance did not 
assume unreasonable proportions. That an objection would be taken is 
most unlikely, seeing that any action by the Authorities, under the Act of 
1847, is rarely, if ever, undertaken to compel a reduction of price. Such 
action against such a fund, accumulated honestly for the purpose herein 
indicated, would now be far less likely than before, seeing that recent 
legislation leaves the undivided balance perfectly free. I could give 
Instances where the undivided balance has been of the greatest benefit to 
both Companies and Consumers, providing a fund for the former out of 
wMch to meet any extraordinary charge, which must otherwise have been 
met' by an increase in the price of gas. I say, therefore, provide such a 
fund in advance, out of which to pay the charges for abnormal repairs. 
. . The last charge upon revenue is the dividend. The expenditure on the 
ordinkry working, together with that on repairs and on tne sinking-fund, 
?^hen necessary, navihg been deducted from the gross revenue, the balance 
only, \^atever that may be, is available for dividend, any remainder 
going to form a reserve-fund. If the principles enunciated here are acted 
upon, there will be but little fear that, under any conceivable circumstances, 
the net revenue wiU be insufficient for this purpose, but I can conceive 
circumstances in which, if sound principles are neglected in prosperous 
times, the dividends may not only be seriously reduced, but destroyed. 
We have no right, because circumstances are in our favour, to neglect tnose 
principles on which alone a sound business can be founded; those prin- 
ciples must be maintained against mere expediency, and they will, in the 
end, be found to work the greatest good for the greatest number. 

In conclusion, I must ask you to forgive any apparent dogmatism in this 
paper. I have no desire whatever to force my opinions upon you, although, 
when called upon, I am bound to express them. If they are unsound, I 
shall be glad if you will refute them; but if they are right, I hope they will 
be generally adopted, and that, in adopting them, increased prosperity may 
result to the Members of the British Association of Gas Managers. 



Mr. GoBE, as one who had suffered very considerably from what ha 
believed was a misconception of the very important q[uesuon now brought 
forward — namely, the relative proportion that capital ought to bear to 
works constructed for the manufacture of gas, wished to give a few 
words from his own experience and observation. For many years it 
was the custom to debit capital with all the expense connected with 
ike promotion, censtruction, and completion of gas-works, and for many 
years it was eonsidared that that capital was entitled to receive ita 
maximum dividend. A clause in the Gas- Works Clauses Act of 1847 
was looked upon as a clause which gave Shareholders an indubitable 
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right to 10 per oent. on all the capital they had expended. The eSeot 
ol reading the clause in that way, and the inflaenoe it had on gas 
property, was this, that there had been a disposition on the part of 
those who were connected with profitable gas-works to increase their 
investments in all directions, and no one could wonder ^t such was 
the case. It was the best investment in the coxmtry at the time, and 
gave the best guaranteed return on that capital ; therefore, it was only 
natural that Shareholders should do their utmost to enlarge so profitable 
an investment. But what was the eftect on Members of the Association 
—the men from whose brains must come that which enabled the capital 
to be made productive, and who were, therefore, deeply interested in 
seeing how the capital was expended ? He need not ask the question, 
how much anxiety gentlemen had to pass through in order to meet that 
pressing demand for 10 per cent, on capital? If the capital had been 
reduced to such a point as would approximate to that which the works 
demanded, how much less anxietv would they have had in producing the 
return on that capital? Need he ask how many works there were 
whose working capital was not yet represented, to the extent of one- 
half, by the plant which was now in operation? — how much of it had 
been totally destroyed? He could refer to many works, and he almost 
thought he could point out one to which Mr. Livesey had alluded, 
where the original capital had been entirely destroyed, and new capital 
created; and yet the Manager was expected to pay a dividend on that 
double amount. Then there was another point of^ view of equal import- 
ance. Mr. Livesey had told them plainly that in this country they 
were accustomed to work with an unnecessarily large amount of capital. 
It had been his lot to visit a great number of works in various parts 
of the world, and he had been enabled to contrast the works con* 
structed, not only in this country, but in many of the principal foreign 
cities, with those constructed essentially on what he might call British 
principles. He had seen works which fulfilled all necessary require- 
ments, with all the retorts and plant economically in operation, at a 
reduction, in some instances, of 40, 50, or even 60 per cent« 
on ihb capital required for those constructed under the English 
rSgime. The facility with which capital was obtained in this country 
for the construction of works abroad Had had this result, that Companies 
had burdened themselves with capital which, at the present time, aid not 
show anything like the return it ought to do. He would take a case with 
which he was personally connected. They had the works constructed 
abroad, upon what he might call cheap principles, but which enabled 
them to supply the district economically and advantageously. ' The capital 
was, in round numbers, J£40,000, and on that capital for eight years they had 
paid on an average 19^ per cent. An Enfflisn Company, established on 
English plans, with a plant only capable of making something like 
10 million cubic feet a year more than their own, cost, as the balance- 
sheet showed, j£118,000. Now, it was quite evident that, if the Manager of 
those worics had been placed in competition with his, his 19^ would appear a 
large return compared with about o| or 6f per cent, return from the other. 
He had in his mmd's eye two or three concerns which he saw a few years 
ago in South America, where capital at least 40 or 60 per cent, more than 
it ought to have been had been expended in the works, and very naturiUly 
there was not a proportionate return. Gas Managers, therefore, had a 
great interest in keeping down capital. He beUeved the auction clauses 
objectionable, although they might appear to have a tendency in the right 
direction, provided they could inoculate Shareholders with common sense 
principles — namely, that if Managers and Engineers were to put their 
brains and intellect into their work, they should have the benefit. They 
had progressed witbin the last 60 years enormously. They carried on a 
business second, either in interest or domestic value, to no process carried 
on in the country. 

Mr. H. P. Stephsnson said he had no doubt the principle enunciated 
by Mr. Livesey, tiiat aU renewals, or partial renewals, should come out ol 
revenue, was sound ; but when a great amount of work fell in one year, 
it eame hard upon a Company. The great difficulty he saw in meeting all 
the expenditure that might oome in one year was that the profits might 
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be depredated in that half year. Mr. Lives^ soegestod a smldiig-limd; 
bat bow did he propoBe that ehonld be carried outTand was itpoemble, in 
the present state ot lemlation to have such a fund? 

Mr. MsAD (Sutton) tnoiu^ht they were mnch indebted to ICr. Livesey for 
his Tahiable paper. The ngores he gave applied, as stated, more especially 
to larce works than small works; and he mnst say that his experience had 
been Omited to comparatiTely small works, with capitals from about J63O0O 
to JE300,000; and the difference between the capital necessarily expended in 
the establishment of those works was very great indeed. He put it, not as 
Mr. livesey did, in tons of coal carbonized, for he did not thmk Ihat was 
the most convenient form, but rather in thousands of feet of gas sold. In 
some works a much larger quantity of coal might be carbonized than else- 
wbexe, although not so much gas was paid for; therefore, he based his 
calculations on the number of thousanoB of cubic feet of gas sold. He 
found that the capital averaged from about 16s. and upwards per 
1000 cubic feet of gas sold. He was sorry to say he had lately joined a 
Board in which the cwpital expended was 34s. per 1000 feet sold. He did 
not mean to Justify that at all, for there was evidently a large sum of 
money wasted. If the works were increased as the business extended, he 
agreed that all old plant disued should be compensated for out of revenue. 
"Se knew in former days, even at the works where the President was now 
Engineer, things had gone in a different direction. If he recollected 
rightly, when 1^. Livesey, sen., took the management of the South Mebro- 
p^tan works, they were sometiiing like jE80,000 to the bad. The Engineer 
was an extravagant man, and had roent, no doubt, too much, and, in 
order to pay good dividends, charged a great deal to capital tiiat very 
properly belonged to revenue. It was a question what was nir to do. Sup- 
posnu^, for argument sake, that £1 per lOOO feet, or £L000 per 1,000,000 feet, 
would be a very fair sum for gas-works, there mi^ht be two Managers, 
one not quite so careful as the other; the one would buy a great number 
of thin^ out of revenue, and so reduce the capital, until at last, as in the 
South Metropolitan Company, they would have a capital of something 
like 10s. 7d. per 1000 feet sold. In meir case Is. per 1000 feet would pay 
10 per cent, on the capital all round ; but with £1 of capital per 1000 feet 
it took 2b. to pay 10 per cent. How far, then, was it fair to now go on 
paying out of revenue certain sums which ought properly to come out of 
capital — ^he meant fair to other Companies, who bad not the oj^rtunity 
of doing so ? The effect would be this— that one Company, in a very 
favourauble situation, might earn full statutory dividends, and yet place 
a Uffge sum out of revenue to capital account, by paying for things that 
ou^^t properly to come out of capitaL The result would be that one Com- 
pany, say, at Plymouth, sold gas at 28. 6d. per 1000, the other Company 
who had but acted folily, not only to their Shareholders, but also to 
Consumers — ^for the Consumers for the time being had to make up this 
difference, whatever it was; and if a Company were spending out of 
revenue what they ought to spend out of capital, the Consumers for the 
time being had to find l^e money, though, ultimately, the succeeding 
Consumers had the benefit — could not afford to sell under 4s. The public 
said, "At Plymouth the gas is 2b. 6d. ; why do you charge 4s. ? " It had 
that rJftTnapriTig effect on other Companies. He thought the right prin- 
ciple was wis — ^You ought to pay for all damage to your property, replace- 
ment of gasholders, and so on, out of revenue. If you turned out one 
holder, containing 100,000 feet, and put in one for 200,000, the one 
replaced ou^t to be charged to revenue. There should be a suspense 
account, and if too much was spent in renewal of property this year, 
more than could reasonably be paid for out of revenue by means of the 
suspense account, as much might be cleared off as could be afforded this year, 
and the balance next and the year after. But even this might be carried 
too far; and it was carried too far when the capital was reduced below 
what would be a fair sum for the construction of the works. 

Mr. Geoboe E. Stevenson ^Peterborough) said it appeared to him this 
question was one that required most careful consideration, and that it was 
one very difficult to decide upon. It was very difficult sometimes to as- 
certfldn the circumstances under which Gras Companies arose. It was 
somewhat easy to lay down a rule by which new gas-works should be con- 
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Btraoted, but to say that the capital of any special Gas Compaiiy ought 
not to exceed so mnch, and that if it was more it was too high, was an 
arbitrary process which no one was justified in adopting, nnless he 
thorouehly knew the cironmstanoes nnder which the Company were con- 
stitnted. For instance, his own Company was one which might easily be 
misinterpreted. It was a small Company, formed as late as 1868. Pre- 
yioasly to that the gas-works were the property of a priyate indiyidnal, 
who managed his affairs on the most economical principle possible, for he 
neyer repaired anything. The consequence was the works fell into such 
a state oi disrepair and incapacity that he was quite unable to supply gas, 
and unwilling to extend his supply. The consumers of the town of reter- 
borough, therefore, decided to go to Parliament to form a Company, which 
they £d, and receiyed powers to purchase the works of this priyate indi- 
yidual. They had to giye for those smaU works, which produced, at that 
time, about 20 million feet a year, £30,000, and of that <£30,000, not one 
shilling was represented at the present day in the Peterborough G-as-Works, 
because the 'v^ole of the apparatus was utterly useless, and had to be 
pulled down and new works constructed. That £30,000 saddled the small 
Gas Company at Peterborough with such a lar^e amount of capital in pro- 
portion to the present make, that anybody seeing it at first would hold up 
his hands in astonishment. From the time the old works were purchased 
the most economical principles had been obseryed, and since that time a 
contingent-fund had been formed, and added to year by year, to which all 
unusual outlay, in the way of reinstatement, was charged. Iix most cases 
it was immensely difficult to attain to that point at wmch it could be said 
that capital was proportionate to the make of g^s, and to charge a reason- 
able price, because the capital must necessanly bear its diyidend, and 
Directors and Shareholders were not willing to lose their diyidend for the 
sake of reducing the price. It appeared to him also that it was question- 
able whether it would oe desirable, in such a case as that, or eyen one less 
remarkable, to deduct year by year a portion of the originally expended 
capital, with the object of finally erasing it from the books, because, to do 
that, it would be necessary to maintain the price of gas enormously. He 
was interested in the remarks of, Mr. Gore with regard to English enter- 

Srise abroad, but from what he had seen on the Continent of Europe 
uring three years experience, he found that Continental Companies were 
infinitely more layish in their expenditure than any English. They not 
oidy spent money layishly in works, but before the works were constructed, 
or anything was done in the floating of the Company, a large amount of 
capital was sunk and wasted. Certainly in Austria it was found that not 
more than one-third of the capital was represented in actual works, the 
remainder finding its way into yarious people's pockets beforehand. 

Mr. Hunter (Salford) said that Mr. Liyesey would perhap s inform them 
how a Company like his own could form a sinking-fund to meet extra- 
ordinary expenditure. In that respect probably Corporations might haye 
an adyanta^e oyer Companies. They might haye more freedom in 
manipulation than a Company. In Salford they got oyer the difficulty by 
haying two different funds — ^first a sinking-fund, which was applied to the 
reduction of the mortgage debt, a certain proportion of the receipts being 
set aside for that purpose, so that the entire debt would be paid off in 
about 50 years ; then there was another fund for depreciation or replace- 
ment, to which they credited each year something like 2 or 8 per cent. 
Two or three years ago they were unable to put eyen 1 per cent, on one 
side, but during the past two or three years they had been enabled to 
make up for past deficiencies, and put as much as 3 per cent, to it. Last 
year they put £20,000 to that fund alone. This would soon swell up to a 
considerable amount, and out of it they could make all the renewals. 
Though this could be done in a Corporation, he did not know how far a 
limited Company could do it. The main object of the paper, howeyer, 
was to show that the capital account should bear some relatiye proportion 
to the yalue of the plant, and the writer had giyen as a standard IlcLper 
1000 feet. There was no question but that this could be done. They 
could keep their extensions within this margin, and it did seem almost 
impossible to account for the extraordinary discrepancies which were from 
time to time brought to light. 
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ICr. Piwinr lud he had notioed there waa a mistineBB in the deseriptloii 
giTen by fome gentlemen who had already spoken in reference to repairs 
and reinstatementB, which ought to be cleared up. His experience in 
examining Companies accounts went to show that in many Gompaniea il 
a new holder was erected, or new mains were laid down, they contented 
themselves with char^g to capital the cost of the new gashcdder or new 
mains, and then debiting capital with the amount which the old gasholder or 
old mains produced. That was an explanation, to some extent, of the very 
large increase in many Companies capitals, and of the great disproportion 
between the capital of one Company and that of another, as shown by the 
sum per 1000 cubic feet which tne capitals represented. Having regard to 
this great difference between the capitals of various Companies, he could 
not help thinking that this had something to do with it, though, no doubt, 
many practical men present could speak better on that point. As a matter 
of course, they knew that the old Companies, where they made works of 
small capacity, and where there had been a rapid growth — ^where they had 
to create and recreate — ^their capital would have a great tendency to sweU 
up. It was a matter of little consequence what the capital was if there 
was a price for gas that would pay for it; but it was those Companies 
who had had constant contests, where the maximum price had been 
kept down, who had been driven to deal with their capitals in a way, 
perhaps, not the most proper. For when the Board had Shareholders to 
meet, and dividends to produce, there was a great temptation to deid 
with reinstatements in the way he had described. There was no doubt 
that if they had to begin gas-works now, knowing all they did know — 
taking a square piece of ground, putting down everything of the best 
form possible — they might make the capital account very small as com- 
pared with that of many old Companies. But they ought to have some 
feeUng for those Companies who were born so early, and had had all 
the difficulties of early times to encounter. Those were the Companies 
who had been unable to create and maintain any reserve-fund. They 
were really objects of 83rmpathy compared with iJiose founded in lat€ur 
days, who had the benefit of all previous experience. 

Mr. Cabb (Halifax) wished to ask whether Mr. Livesey meant the 
standard which he laid down to refer to the capabilities of the works, or to 
the quantity of gas they sold. Some small works might be very favourably 
situated, and, up to a certain time, the capital might be small; but, if the^ 
were in a growing district, and had to extend, they might not consider it 
wise to incur expenditure, with a view to keep within that standard from 
year to year. They might have to make an addition, which would elevate 
the standard for the time, until the demand again overtook the supply. 

Mr. Chapican (Harrow) said one important point was, whether the pre- 
liminary and parliamentary expenses ought to be charged to revenue. As 
a rule, those expenses were charged to capital. He thought Mr. Livesey's 
idea was a good one, and his (Mr. Chapman's) Directors had adopted that 
view. They had a very much larger capital per ton than Mr. Livesey spoke 
of, as they were a bought concern, like Mr. Stevenson's Company at Peter- 
borough ; but they had already written off J6452 for prelimmary and par- 
liamentary expenses, which amounted to dg2000, and intended to write 
them all off, although they had not yet paid a 10 per cent, dividend. 

1^. Ibons (Q-osport) thought Mr. Livesey would add to the obligation he 
had conferred if he would tell those outside the Act of 1871 what reserve- 
fund they could form. 

Mr. Livesey, in reply, said Mr. Carr had referred to Companies getting 
10 per cent. That wanted a little correction in this direction. They did 
not get 10 per cent, after the passing of the Act of 1847 for a great many 
years — ^in fact, so long as competition lasted ; but when that ceased, fuH 
dividends were in most cases secured. It was then the opportunity should 
have been taken to make those renewals. Mr. Stephenson spoke about 
the sinking-fund, but the reference to a sinking-fund was intended only to 
apply to cases, for instance, such as the Chartered Company in builcung 
Beokton. It was impossible for the Chartered Company to lay out many 
hundreds of thousands of pounds, part of which was in place of old works, 
amounting also to hundreds of thousands, and charm all of them to re» 
venue; but he did think it would be advisable to form a fond which 
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should in time redeem it. One of the London Oompftnies bad. by pwHa- 
mentary sanction, a leasehold redemption-fund, and there mient be seen 
in their accoants from year to year so much charged on uxe revenue 
account to that fund. "Where it was a case such as the Chartered Com- 
pany, they might have obtained a special authority from Parliament for a 
separate fund; but, in the case of small works, under the Acts of 1847 and 
I87I, he did not recommend going for an Act of Parliament for such a 
purpose. Still he thought the ingenuity of accountants might find out 
some means of meeting this without great difficulty. He did not profess 
to be a parliamentary lawyer, but he had found this out about Acts of J?arlia> 
ment', that in many particulars they were very imperfect indeed, and cer- 
tainly not adapted to the circumstances to which it was supposed they 
were to apply. Therefore, in many cases he should say, if it is right to 
form such a fund, do it; and who was there to object ? There were Com- 
panies under these old Acts who were carrying on business in such a way 
as this. He knew a Company who had hardl:^ called up any capital at 
all for nine years, and yet that Company had in nine years renewed the 
works, and converted them from the most dilapidated, wretched state, 
into a thoroughly perfect condition, and beyond this they had also 
made great extensions out of revenue, thus reducing their capital, 
without any objection on the part of anybody. Certainly they had 
kept up the price of gas rather higher than was desirable, but now thev 
were in a thoroughlv sound position, and it would probably be reduced. 
The right way to deal with ordinary renewals was, that every year should 
bear its proper proportion. It required some little management to get into 
tiiat system, but it was thoroughly possible to adopt such a system that the 
average cost of repairs should be about the same year by yesir. Again, it 
was possible to have an undivided balance to carry forward in prosperous 
years, and that was often done by Companies who might hiftve some- 
thing over and above the dividend, and possibly over and above the re- 
serve-fund. He could name Companies who had reserve-funds, and 
then carried forward an undivided balance from year to year. The South 
Metropolitan, for instance, had their reserve-fund full, and another sum, 
almost equal, as an undivided balance, in 1872 ; but, as it happened, the 
coal famine came next year, and although they had reduced their 
price, the undivided balance tided them over the famine years very 
nicely. Where there were no Auditors to look after the accounts, he 
did not see much use in the Acts. As to Mr. Mead's remarks with re- 
gard to gas-works with capitals of from £3000 to £800,000, he had 
always regarded Mr. Mead as a man who did his work in a thoroughly 
good way, and on principles of the greatest economy ; and, therefore, he 
tnought he must be mistaken when he said that the amount was from 
16s. per 1000 feet of eas sold for works from £3000 to £300,000. If Mr. 
Mead referred to works with a capital of only £3000, he was not going 
to dispute it, but for works with a capital of £300,000, he did dispute its 
necessi^ most emphatically. For works with a capital of £20,000 or 
less, lis. per 1000 feet, or £5 per ton, was sufficient. Mr. Mead re- 
ferred to one particular Company when he said the works exceeded in 
value the total amount of the capital, and he had aJreadjr said they were 
not to be imitated. He thought they were just as far in error in one 
direction as the others were in the opposite. Those Companies who had 
reduced their capital below what it ought to be had inflicted a great in- 
justice upon Shareholders and Consumers, and also on other gas people ; 
m fact, they had done badly all round, for the Consumers had nad to pay 
for the extensions which the Shareholders might have provided for out of 
capital. The Shareholders would have had inc]%9ased*dividend-paying in- 
vestments, and the Consumers would have paid a fair price for their gas, 
and everything would have been right. With regard to Mr. Stevenson, he 



could quite svmpathize with him, but as to paying £30,000 for that which 
was not worth anything, if any one chose to give a sum of money for that 
which was worthless, ne must look upon that money as lost. It was 



caly the exceptional circumstances in which Gas Companies were plaoed 
which enabled them to do such a thing. An ordinary trader could not 
give £80,000 for a mill which he had to pull down, and expect he was to 
get interest on that £80,000, as well as on the new building he erected. 
There might be special ciroumstances with which he was not aoqoainted, 
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over which the Company had no control; but in that case he should say the 
safe and right course was to endeavour to reduce the capital as much as 

Sossible. and to make all extensions out of reyenue, which could un- 
oubtedJy be done. With regard to the sinking-fund, for any legitimate 
purpose, such as the redemption of leasehold property, &c., he would 
consider a certain sum set aside annually for such a purpose as per- 
fectly right, and that, whether provided for in the Act or not, it 
was not a matter to which objection could properly be taken. Mr. 
Penny had alluded to a certain mistiness on this question, and he 
was afraid that was the cause of a great deal of discrepancy in Gas 
Companies management. What they wanted to learn was the exact 
way of dividing capital and revenue, and there was a great deal of debate- 
able ground between the two. To take an illustration from railways. One 
great railway enlarged its stations, and replaced iron rails by steel, and 
charged all the cost to revenue. Another one enlarged its stations, and 
replaced iron rails by steel, charging the difference in the value between 
the new station and the old, and the iron rails and the steel, to capital, 
though these things did hot increase the earning power of the railway to 
any appreciable extent. He thought the course adopted by the first was 
the sound principle, whenever it could be done ; though he would not 
say the other was wrong. In reply to Mr. Carr, he did not mean to say 
there ought to be an exactly defined certain sum for extensions every ^ear, 
and that they ought not to exceed or go below that ; but he maintained 
that, on the average of years, it ought not to exceed the sum he had 
stated. As to parliamentary and preliminary expenses, most Acts of 
Parliament said that expenses of that kind should be charged to capital; 
but that did not prevent them afterwards being written off. All they had to 
do was to endeavour to conduct their affairs on such sound principles as 
tiiey would be compelled to do if it were an ordinary business, and then 
they would not be a&aid either of Acts of Parliament, or Official Auditors, 
or any other Authorities. No doubt there was a good deal in the paper 
with which some gentlemen would not agree ; but, if so, they were quite 
as free to hold their own opinion as he was. It was the result of his own 
en^erience, and must be taken only for what it was worth. 

The Pbesident said whatever doubt might have been suggested to the 
Committee as to the propriety of introducing this paper, had been 
entirely set aside bv the interesting discussion which nad arisen. Mr. 
Livesey had referred to the widespread dissatisfaction which had existed 
since tiie Metropolis G-as Act of^l860, as showing that the manner in 
which Companies had conducted their business had not been satisfactory 
to Consumers and the Authorities; that the system was not satisfactory, 
or the results would have been better. He thought there was another way 
of regarding that question of dissatisfaction which had been expressed 
with regard to Gas Companies — ^namely, that since the passing of the Act 
of 1860, which consolidated and improved the value of the property so 
much, the London Companies had been paying very full dividends, and 
then, for the reasons which Mr. Penny had sketched out in his paper, they 
had been naturally objects of envy, hatred, and uncharitableness. As to 
the remarks that Mr. Carr had made on the influence of the Act, and the 

Sassing of the Act of 1847 having oeen to secure the payment of maximum 
Ividends, he was glad Mr. Livesey had referred to it, because the influ- 
ence of that Act was not by any means to secure maximum dividends, or 
to give anything like securitv to Companies that they should have 
maximum dividends. During the whole period between 1847 and 1860 he 
knew of no instance, and he believed there were very few cases of Com- 
panies paying full dividends. During all that time the competition which 
was thought so desirable to exist between people engaged in any business 
existed, and the result was high prices and small dividends. The " regu- 
lated monopoly " introduced partly by the Act of 1847, and confirmed by 
the Act of I860, brought about that condition of things in which Graa Com- 
panies rejoiced at the present time. He would only sajjr further that, 
while it was very desirable to watch the expenditure of capital, it was still 
more important to see to it that the works were always in full, efficient, 
and good condition, and money spent in that direction should not be 
looked at with too close an eye. So long as capital was well spent, it was 
well to spend it. 



PREVENTABLE WASTE. 

By Mr. C. Hunt (Birmingham). 

It is probable that few mannf actnring processes are condnoted without 
a certam amonntof waste. When, howeyer, as is said to be the case in the 
manufacture of iron or of metallurgical coke, this is not avoidable by any 
known methods, the manufacturer may, with untroubled conscience, 
pursue his way to further improvements; but when, as with coal gas, 
such waste, either in the process itself or in the consumption of the 
manufactured article, is strictly of a preventible nature, with our regrets 
at its occurrence must be mingled a feeling of something like self- 
reproach. 

It was estimated by the Boval Coal Commission in 1867-68, that the 
annual consumption of coal within the United Kingdom for gas-making 
purposes amounted at that time to 6,500,000 tons. Allowing for an in- 
crease since then at the moderate rate of 8 per cent, per annuni compound, 
it would appear th&t the total yearly consumption cannot now be less 
than 8,600,000 tons. Of this fully one-fourth, or, to be well within the 
mark, say 2,000,000 tons, representing a cost to carbonize of not less 
than i>l,600,000 annually, may not unfitly be described as preventible 
waste. 

This undesirable condition of things is brought about hj very simple 
means. Pressure within the retort at the moment of evolution, and this 
same pressure injudiciously exerted at the point of combustion, is directly 
responsible for by far the largest share ; while neglect of the necessary 

Erecautions for the efficient maintenance of the distributing apparatus 
requently, bv the loss which it occasions, operates as a serious check 
upon the profitable development of gas undertaJsings. 

In submitting a few observations, with the object of pointing out some 
of the ways by which tiiis enormous annual loss may be diminished, I am 
aware that I am treading upon ground which has been rendered familiar 
bv the labours of many of our members, and am conscious of the difficulty 
of finding fresh matter for discussion ; yet I trust that some good may 
result from a periodical recurrence to the subject, and from an endeavour 
to show that, grcAt as may have been the improvement during the last 
few years, there is yet room for the exercise of considerably more economy 
than generally prevails. 

In the first place, then, what proportion of this loss may be attributed 
to the carbonizing process, as ordmarily conducted? We usually gauge 
the success of this operation by the yield of gas per ton, regard bemg had 
to its illuminating power; and there can be no question as to the value of 
this as a method of comparison. But it is clearly impossible, in this way 
alone, to determine the results of our operations; for to do this it is neoes- 
Btaj to take into account the whole of the products, and compare them, 
weight for weiffht, with the coal whence they were derived. When this ia 
done there will be found, in almost every case, a deficiency, varyine in 
amount according to the degree of skill employed, but never less wan 
7 or 8, and more frequently 11 or 12 per cent. ; while instances are nume- 
rous in which as much as 24 per cent, of the volatile products is 
habitually lost. The following examples, which are, to a considerable 
extent, drawn, so to speak, from the me, are offered in confirmation of 
this statement. 

No. 1 is an example of probably the highest return yet obtained, where 
coal only is employed, working in the ormnary way : — 
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9^400 enUe leet of 17 eftndle cm, ip. gr. '406, ireu^ __ 

940 y 1728 x (81-012 x 466) ^^^^ 

7000 X 100 ^^"^ 

11 giXUmn of tar, at 11*2 llw. per gallon 138*90 

16 gaUons of lienor, at 10-2 iM. per gaUon . . . 168*90 

ImjpnriiUi^— 

Sulplitirettod hrdrogen taken out at pnzifiera— saj, 

11 X 1^1 ^ 1728 X 86-88 ,^^. 
^* P*^ ^«>*' 7000x100 ^^ 

Carbonic acid taken ont — say, 2\ per cent. 
2 87-g X 1728 X 4726 

7000 X 100 ^'^ 

Ammonia removed in ■cmbb or i g ay, 16 gillong of 

-^ 16 X 12 X 17 „^ 

12 02. jg oz 8-90 

Total Tolatile prodaets 667*42 

Coke— lay 150000 

Total 2167*42 

LeaTlng a defloieney of 72*68 

2240*00 
^ 72'68 X 100 
Or — QM,^ — ■■ 10*87 p«r cent, of the rolatile produoti. 
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AnA ihft iliM ii from the bottom of the olagg !-- 

BZAHPLB No. 8. 

8,800 cuMc feet of 17^ candle gas, sp. er. *480, weigk 

eaOO X 1728 X (31-012 X '480) ™* 

7000 X 100 "^ ^^"^ 

Ugallonsof tar, at 11-2 lbs. per gallon 128*90 

18 gallons of liquor, at 10*2 lbs. per gallon. . 4 . 182*60 

Impurities—- 

Snlphoretted hydrogen taken out at puriflers-Hiay, 
,. ^ 124-6 X 1728 X 86*88 

^*P*^f"*^*- 7000x100 ll-l^ 

Carbonic acid taken out at purifiers — say, 2^ per cent. 
207-5 X 1728 x 47-26 

7000 X 100 ^**" 

Ammonia which should be removed, but more fre- 

.,,-.. 16 X 12 X 17 
quently left m, -7^ oz 8-90 

Total TolAtile products 600*05 

Coke--say 1600*00 

Total 210006 

Leaving a deficiency of 189-96 

2240-00 
-^ 189-96 X 100 ^ „^ ^ - X,. , X.M ax 

Or — 600^05 — ^ P®' ^*®^ volatile products. 

In calculations of this kind, it is not easy to be strictly accurate ; but I 
have endeavoured to avoid under-estimating the weight of any single pro- 
duct, so as not to fall into the error of over-estimating the deficiency. 
Where this is as high as in No. 8, the remedy is doubtless to be found in tne 
employment of an exhauster, which is yet a stranger in very many works, 
ana by the aid of which the loss need never exceed 10 or 11 per cent., 
while, beyond this, a further improvement is practicable by careful atten- 
tion to the condition of the retorts ; but, however well made clay retorts 
may be, they are always, to a certain extent, porous ; and however well 
they may be set or built, their soundness is of very brief duration. Conse- 
quently, it is not to be wondered at that a large proportion of the gaseous 
matter, which it is our object to secure, finds its way, not up the ascen- 
sion-pipes, as we would have it, but through the flues, and up the chimney 
stack, at the top of which, especially if the stack be a short one, its pre- 
sence is generally indicated by a body of flame, more or less consideiaole. 
If any one be disposed to question the origin of this flame, which has, 
indeed, been attributed to wasteful firing, let him try the experiment for 
himself of removing all pressure from the retorts, when the simultaneous 
disappearance of the flame will afford convincing proof of its identity with 
the gaseous matter produced in the interior of the retort. 

Another circumstance, pointing conclusively to the mischievous ten- 
dency of pressure, is the formation of carbon, which, without doubt, may 
be regarded as its natural consequence. Viewed in this light, it may be 
accepted as no slight proof of the advance that has recently been made in 
the direction of obtaming fuller value from the coal — ^that much less is 
now heard than formerly of the difficulty experienced in scaling retorts, or 
of the various remedies which ingenuity has devised for getting rid of this 
troublesome product. It is abundantly manifest that, in regard to this, 
Gbb Managers have it in their power to lend conspicuous illustration to the 
^th of the proverb, ** that prevention is better than cure." 

It may, however, be taken for granted that with the dip-pipe, however 
careftdly it is adjusted, a certain amount of pressure is unavoidable ; and, 
inasmuch m even ffais mfaimTiin pxesrare is to be deprecated, the quei* 
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tion which forces itself npon onr attention is, Whether or not is the dip- 
pipe a necessity ? It may, without diffictdty, be conceded that, if with the 
highest state of efficiency can be united the greatest possible security and 
conyenience, such a combination is by all means to be promoted and 
maintained; but when this involves, as in the case before us, the sacrifice 
of a certain degree of efficiency, we have a perfect right to question its 
wisdom, and to ask ourselves whether it is worth the cost entailed. 
Suppose an account were to be regularly rendered to us at the rate of, 
say, lOd. or Is. per annum for every ton of coals carbonized, should we 
not require to write ** value received " before passing it for payment ? And 
yet it is very certain that, indirectly, most of us do pay this, and more, 
year after year, without inquiry or remonstrance, for the use of the dip. 

It may, however, be fairly urged that when, by careful attention and 
I>eriodical adjustment, this inevitable loss is reduced to its smallest dimen- 
sions, we do get value for what remains, in the shape of the unquestion- 
able convenience and absolute security which the dip ensures; and the 
argument would be conclusive if it could at the same time be shown that 
such conditions are indispensable to successful working, or that they 
cannot be sufficiently approximated by other means less open to objec- 
tion on the score of pressure. Many, indeed, there must be who enter- 
tain the belief l^at such is the case, for otherwise it is impossible to 
account for the almost universal employment of the dip. But of these I 
would inquire. Have you satisfied jrourselves, by personal experience of 
other systems, that the dip is really indispensable f Unless tms question 
can be answered in the affirmative, it would seem impossible to account 
for its retention upon any other supposition than that there exists a 
widespread theoretical assumption of its value ; which may be said to 
savour too much of a blind adherence to custom to entitle it to much 
respect. And if it be objected that no convenient substitute for the dip 
has been devised, I need do no more than refer to the example of Chelten- 
ham, where, under successive Managers, the dip has for many years been 
unknown. The success which has tnere attended its abandonment seepoB 
to point incontestably to the conclusion that, thanks to the introduction 
of the exhauster, the necessity for its retention has long since passed 
away. 

Intimately associated with this question is the consideration of the effect 

E reduced by forcing the gas, as it is generated, through the tar in the 
ydraulic main. The writer is not in a position to express any positive 
opinion with regard to this; but it seems highly probable, from the 
observations of Mr. B. H. Patterson and others, that its contact with tar 
has the effect of depriving gas of some of its illuminating constituents. At 
the same time, it is to be observed that the subsequent washing or scrub- 
bing process is an ordeal scarcely less searching in its effect upon the 
hy£ocarbon vapours than that which it would escape by the non-use of 
the dip ; so that, in the absence of proof, it may be safest to omit from the 
calculation any advantage that might be possible in the direction of an 
increased illuminating power. 

FoUowinp^ next in point of order comes the loss incidental to distribution. 
Of that which, being due to defective registration, is apparent only, it is 
unnecessary to say more than that it is remediable almost to the smallest 
fraction, as the recent experience of the Chartered Company, if it stood 
alone, would suffice to snow, but which experience is abundantly con- 
firmed by that of others in all parts of the country. So large a per centage 
of unaccounted-for gas as 25, 20, or even 15, may be said to point to an 
indifference on the subject of correct measurement which, in ordinary 
commercial transactions, would be regarded as simply intolerable, while 
in the gas manufacturer it is, to say the least of it, somewhat discreditable. 
Nor can the imperfections of the meter, such as they are, be pleaded in 
extenuation of such a fault, it being clearly upon record that these are 
completely under control, rigid supervision being all that is needed to 
secure, within practical limits, accurate registration. 

While it may, without difficulty, be admitted that the principal sources 
of actual waste incidental to distribution are leaky gasholders, oad joints, 
and worn-out services, all of which it is within the power of the Gas 
Manager to remove, it is without doubt an open question as to how far 
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BQoh waste ii snaoeptiblA of diminatioxii liiioe » oertain proportion is 
always due to acoidental breakages of mams, or to other causes oyer which 
the Gas Manager possesses onl^ a limited control; but eyen such propor- 
tion mast be regarded as only in a lesser degree preventible, when it is 
remembered how much can be effected by means of improyed arrange- 
ments. For instance, the damage done to mains by heayy traffic or 
nneqnal subsidence may be minimized by laying them deeper under the 
ground, and by the employment of larger pipes— small and weaJc ones, such 
as 2 inches and 8 inches, being yery mucn more liable to injury than such 
as are made of heayier metal. In like manner wrought-iron service-pipes 
may be preseryed by coating them with asphalte. or rendered more durable 
by the adoption of a thicker gauge of iron in tneir construction. Again, 
almost absolute immunity from loss from this source may be ensured by 
the emplo3nnent of lead i)ipes; while, according to some, wrought-iron 
tubes tnat haye been subjected to Professor Barff's process are secure 
against oxidation for almost an^r length of time. Too much attention like- 
wise cannot be paid to the jointing of services to main-pipes, which, espe- 
cially when the latter are thin, is a fruitful source of leakage. It has been 
said, with much show of reason, that there is no better evidence of the 
general character of the management of a gas undertaking than is afforded 
by the condition of the distributing plant, as shown by the per centage of 
unaccounted-for gas. But, however this may be, it is certain that in no 
other direction can the Gas Manager obtain a more sure and speedy return 
for the exercise of ordinary care and vigilance. Instances are numerous 
of a rapid improyement, under such conditions, to an almost unlooked-for 
extent. In the case of the late Birmingham Company, for example, the 
per centage of unaccounted-for gas was, in the short space of three years, 
reduced aom 11 or 12 per cent, to about one-half that amount. All this 
points to the conclusion that, in this matter, as in others of a similar 
nature, there is no such thing as finality short of an almost total suppres- 
sion of even the api>earance of waste. 

In expressing this opinion I am not overlooking the fact that loss may 
arise from the action of the law of diJSusion of gases, but that this can be 
anything appreciable, the nature of the material of which our mains and 
services are made precludes us from believing. A more important element 
of difference — ^for loss it is not— is to be found in the yariable temperature 
between the works and the consumers meters, eyery one degree of yaria- 
tion representing a difference in volume of about one-quarter per oent^ 
This difference is no doubt greatest when the works registration is 
habitually corrected to 60°, because in the mains the gas is inyariably cooler 
than this by several degrees ; but it is probably neyer more than 1 or 1^ 
per cent. ; and by correcting to a temperature more nearly corresponding 
to that at which the gas passes through l^e mains and consumers meters, 
it can, of course, be made to disam>ear altogether. Haying regard to all 
the circumstances, it seems impossible to doubt that almost perfect corre- 
spondence between the registration at the works and at the consumers 
meters is possible of attainment ; and to this end our efforts should be 
directed. If our mains and services were laid and maintained, as they 
might be, almost absolutely gas-tight, we should place ourselves aboye the 
necessity for restricting day pressures as a means for diminishing leakage 
— a most important consideration when it is recollected that, in order to 
meet the requirements of an extended consumption for heating purposes, 
we must be in a position to maintain a moderately high pressure through- 
out the greater part of eyery 24 hours. If this constant service is to 
be provided with profit to the manufacturer, it will haye to be free from 
the liability to waste. 

The subject of gas-burners is one of recognized importance, and the 
prodigious loss for which they are directly responsible has veiy properly 
been a matter of frequent comment ; but it is questionable whether the 
Gas Manager is to be found who considers himself personally accountable 
for the imperfect combustion of the gas which he supplies ; and hence it 
is not improbable that objection may be taken to my including thi 
amongst those sources of waste which it is within his power to control. 
To a certain extent this objection is no doubt a perfectly valid one, 
although ii would not be difikevli to show that our iimaencei if we chose 
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to exert it, must be Tory considerable indeed; bat it is sufficient for my 
poriKMe Tery briefly to refer to the importance of the question as affecting 
our interests, present and future. 

^ Within a comparatiyely brief space of time, our knowledge of the condi- 
tlon by which perfect luminous combustion may be secured has been 
greatly extended; with the result that the best constructed burners of the 
present day compare very favourably with tiioir predecessors of say 20 
years ago, being made to yield fully 40 per cent, more light with the same 
consumption of gas. Satisfactory as this may be, it is by no means so 
pleasing to reflect that this improyement is profitless to the general body 
of consumers, in consequence of the almost uniyersal retention, through 
ignorance, of the old and wasteful forms of burners ; so that if the waste 
from this source alone were to be set down at 25 per cent., it would be 
found to be by no means an exaggerated estimate. In proof of this it may 
be mentioned that at the exhibition of gas-heating apparatus recently held 
in Birmingham, there was exhibited a series of burners, nearly all of them 
t^ical of such as are in daily use. On being tested it was found that the 
cunerence between the best and worst was 20*41 against 6*92 candles; 
showing a loss by the use of the latter of no less than 65*7 per cent.; while 
an ordinary Argand, considered to be a very good one of its kind, of which 
there are many thousands in use for iUuminating shop windows and simi- 
lar purj^ses, gaye only 18*42 candles, being a loss of 84*2 per cent. 

In^ fairness to the gas, no less than from economical reasons, such a 
manifest abuse ought no longer to continue. Complaints of bad gas are 
freely made, which, on inyestigation, are usually found to be chargeable to 
the burner; but it is as a means of reducing the cost to the consumer that 
the importance of dealing intelligently with this question is most apparent. 
It may possibly be regarded as an incontestable proof of the incomparable 
yitali^ of coal ^as, that, notwithstanding such an amount of waste, it has 
not only stood its ground, but increased in popular favour; but have we 
any guarantee for the continuance of such good fortune ? Are there not, 
on the contrary, at the present moment, signs of a disposition to dispute 
with us the occupation of a portion of our domains ? We may, it is true, 
be very far from oelieying in the probable supercession of coal gas, speedy 
or remote ; but with such disbelief, the endeavour to increase the distance 
between it and possible competitors is perfectly consistent. In Tnaking 
gas light cheaper, whether by means of improved manuiacture or by the 
reduction of the illuminating power at the burner, we are acting in accord- 
ance with the conviction that our interests as the manufacturers are prac- 
tically identical with those of our customers, than which no policy can 
commend itself as more likely in its effect to strengthen and confirm our 
position as the principal purveyors of the means of artificial illumination 
throughout the civilized world. 

I have thus imperfectly referred to what appear to be three of the 
principal hindrances — for so they may be termed— to the further suc- 
cessful employment of coal gas; for it need hardly be said that, in propor- 
tion to its cheapness, so is its use likely to extend, more especially for 
heating purposes. In this latter direction the field for its employment 
would seem to be of almost limitiess extent. 



Mr. Chandleb said he could confirm from observation every word in the 
paper just read. The former part of it referred particularly to that 
objectionable part of the apparatus connected with gas-works known as 
the dip-pipe, and he might say there were other works besides those at 
Cheltenham which had proved to demonstration that prevention, with 
regard to the deposition of carbon in the retorts, was better than cure. He 
had in his mind's eye, just now, some workis, situated somewhere in 
Surrey, where patent dip-pipes had been fixed. Previously the make of 
gas was only a little over 8000 feet per ton of coal carbonized; but, after 
they were applied, the make was increased considerably — he believed to 
over 10,000 feet. He attributed this entirely to the adoption of the 
patent ddn-pipe ; in other words, the removal of the seal in the hydraulic 
main. Tms caused a smile ; but to what were they to attribute the extra 
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make of ^as, seeing it was exactly under the same conditions? This 
brought him to a remark of Mr. Hunt's, wherein he seemed to hint that 
the fact of doing away with the dip necessitated the use of an eidiauster ; 
bat he repudiated that, because the dip-pipe was taken out of the tar or 
liquor in the hydraulic main, there was any necessity for the exhauster. It 
was only removing an impediment to the ^as gettmg away into t he g as* 
holder, by lifting the dip-pipe from the seal in the hydraulic main. What 
was done by usin^ an exhauster but releasing the pressure from the retort 
— ^the pressure which was given first by the seal in the hydraulic — on to the 
condensers, the scrubbers, the washers, the purifiers, we holders, and so 
on? The dip-pipe gave a half-inch pressure if there was a half-inch seal, 
and if that was removed it created no greater necessity for the adoption of 
an exhauster than if it was kept in a hydraulic seal. There were many 
present who had advocated doing away with a seal in the hydraulic main 
— ^Mr. Paterson, Mr. Newbigging, and Mr. Livesey. No doubt there were 
some others who decidedly objected to it ; but if they came to consider 
the matter, it would be found that to remove the impediment to the gas 
getting away to the holder must be beneficial, if not in increasing uie 
make, in preventing the deposit of carbon on the retorts. 

Mr. Hepwobth (Carlisle) said this subject was worthy of a broader basis 
than the bottom of a dip-pipe. On the general question of waste he spoke 
some time Ago, but there was one point to wmch attention might also 
profitably be called, but to which Mr. Hunt had not alluded. He felt sure 
ne had not forgotten its existence, but it was such a prevailing element of 
waste in many works that some special reference should be made to it. 
He had before him the analysis of the accounts of the Metropolitan Com- 
panies, and he noticed that the consumption of coke for fuel varied from 
21 to 83 per cent., and avenu?ed 28. Now, 28 per cent., which was tiie 
average of the Metropolitan Companies, was a much lower average than 
prevailed in many places. Speakmg generally on the subject of waste, as 
borne out in the azuUysis he had before him, he might say there could be 
no more profitable occupation of leisure time than for some present to go 
through these figures and compare them with their own working. He 
was sure they would find abundant room for checking and preventing 
waste, which was going on in their own establishments. 

Mr. WooDALL Qjeeds), referring to the statement of Mr. Chandler that 
where a patent dip-pipe was introduced the yield rose from 8000 to 10,000 
feet of gas per ton of coal, though no exhauster was used, said a dip did 
not necessarily involve a greater pressure than half an inch. But the 
gasholder could hardly be supposed to show a smaller pressure than 
2k inches ; so that the weight of the gasholder would be five times that of 
the dip, as represented in the retort. Now, if one gained 2000 feet per 
ton by the removal of the half-inch pressure of the dip, clearly by the 
removal of the weight of the gasholder, one would get a great deal more. 
This was a plain case, because, if an exhauster were used, the pressure 
must be equal throughout the apparatus. 

Mr. Mead (Sutton) feared Mr. Chandler had attempted to make out too 
ffood a case. He also had visited some Surrey gas-works, and in one case 
found 18 inches of pressure against the retort ; and possibly others present 
might remember works where there was something like that . In works he had 
to deal wiiJi he endeavoured to remove the whole dip and let the gas pass 
freely through, and the difference was from 300 to 400 feet per ton of coal 
carbonized. 

Mr. Methven (London) said a previous speaker had referred to figures 
in Mr. Field's analysis of the London Companies accounts as to the 
quantity of coke used for fuel. But in comparing the per centa^e in 
Mr. Field's book, they must take into consideration also the quantity of 
coke per ton made, which might not come out to the per centage used 
for fuel. In some cases the Companies only gave credit for making 33 
bushels per ton, and in others 36. That ought to be considered where 
they compared the consumption for fuel. 

Mr. Patebson (Cheltenham) said the mention of the exhauster reminded 
him of a circumstance connected with the yield of gas, or the loss of gas 
by the deposit of carbon in a retort, which had not been as yet mentioned 
—the oscillation or drawing through the dip in the hydraulic main ; 
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btflMue with all iiiMliaiiio«l exhaiitteni thttt WM a MMn Mnnuil #1 
OMilUtlon. Tha gas eoold not bo dmm awaj poifoelhF oontiavoiuly Ifoni 
tho retonB, but there was what was called a pnlsailoii. Rowevor, In 
Oheltenham, they had a steam- jet e^hanitei in aotion, and iheie the work 
of ezhaofltion was carried on so steadily thftt there was no oseOlation at 
all. The gauge on the tap was so steady that, nnless some means wart 
taken to increase the pressnxe or otherwise, it wonld appear that it was 
stuck. It was said that the removal ol the dip did awav with the loss of 
gas from leakage through the pores of the retort, and the destruotlon 
and deposition of oarbon on the material of it. The removal of the dip. 
unless something else was removed, wonld do nothing ol the kind; and 
in the case refemd to by Mr. Chandler, another element came into oalcu- 
lation. It was utterly impossible that the removal of the d^ of itself, 
although it was 6 inches, would give a difference between 8000 and 10,000 
feet per ton under the same conoitions as to coal, temperature, and so on. 
They ought not to be content with even 10,000 feet, for in their expeii« 
ments they could get gas to the extent of 10,600, 11,000, and 11.500 feet per 
ton. It was quite dear, therefore, that the gas was in the coal, and their 
effort should be to get it ov^ and, u possible, store it up and-~to carry it on 
further— get paid for it. Tne way Mr. Hunt had taken up the question 
and worked it out was likely to result in very great good. He did not 
like to give results, but since Cheltenham had been refdhred to, he 
might say that the^ had lately carbonized about 100 tons of coal a day. 
Of course, their mams were by no means puny, but from that 100 tons of 
coal they had no difficulty at all, day after day, in realising from 10,000 
to 10,800 feet of gas per ton. That was a large yield of gas, and, were he 
not able to give another fact, he should hesitate in asserting it | and, 
unless they got paid for a fair quantity, he should u&j that there was 
something wrong in the estimate ; but, seeing that for last year they got 

Sdd for 10,800 feet per ton, he had little hesitation in stating that thev 
d in reality get that yield. There was not much difference in eoaf, 
provided it was of a fair quality. Then there was the Question of leakage, 
which Mr. Hunt had caaefully gone into, and he had ^ven the preferenoe 
to lead services. He (Mr. Paterson) did not know whether it was the fact 
or not, but, in his experience in towns where lead services were university 
adopted, there the leakage was much less than where iron was used. 

Mr. pBBBiiBs (Edinburgh) wished to allude to a point which Mr. Beid 
drew attention to some years ago, which might account for some portion 
of the gas which was not accounted for— namely, that, while all experi- 
ments on the illuminating power of gas were made at a temperature of 
60^, the gas was oftentimes sold at a temperature of 86^. Mr. Ileid, some 
time ago, drew the attention of Gas Engmeers to this fact, through the 
medixun of the Joubnal, but he had not seen it noticed since. In hard 
winters there must be a great deal of gas sold at a temperature of 80^, but 
the illuminating power of gas was tested in the laboratory at 60^. lliose 
who had continued the tests over three or four months must, in the result, 
have a discrepancy in the gas as delivered from the station-meter, which 
very likely might be at a mgh temperature compared with the meters of 
consumers, which were often placed in cellars and other places at a low 
teinperature. This might, in some degree, account for the quantity lost. 

lu. HuBT, in reply, said the course the discussion had taken turned 
almost entirely on the use of the dip. As one gentleman had pointed out, Mr. 
Chandler had attempted to prove too much in estimating at 2000 feet the 
gain from the use of the patent dip. It seemed to him almost impossible 
to gain anything by it, uxuess an exhauster were also employed^ Decause 
the pressure of the gasholders and other apparatus must inevitablv be 
thrown on the retoxto. The use of the exhauster was simply to refieve 
the retorts of that pressure. Mr. Hepworth had referred to the fnd 
accoxmt as being exceptional, in some instanoes. Although the title of 
his paper was somewhat genenJ, it was not his intention to indude in it 
every sort of waste in and about gas-works, or he should not have over- 
looked that question. He might say, however, in c<»nparing the returns 
with those published by the Metropolitan Companies, that he believed, as 
a rule, those Companies estimated the use of their coke, and took their 
make to be uniformly 86 bushels per ton. As a fact, many eoiUs pro- 
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dn^ed a much larger qnanii^, bo that, in some instances, the fuel account 
was pnt lower than it should be. Mr. H. Woodall had referred to the dip 
not necessarily throwing more than half an inch pressnre on tiie retort 
and certainly, if the seal were accnrately adjusted at half an inch, and 
if the water were always maintained in the hydraulic main, it would 
remain so : but it must be recollected that the hydraulic main speedily 
became filled with tar, which was of a viscid naiiure, and, conBequently, 
threw much more pressure on the retorts than was apparent. Mr. Pater- 
son had very rightly referred to the question of what could be get out 
of coal by expermiental works. He found by repeated experiments that 
the coal whicn produced in practice 9400 feet per ton of 16|-candle gas, 
could be made to produce, on an experimental scale, fully 11,000 feet of 
17-candle gas. That seemed to liim to be a difference which ought not to 
exist, and they ought, as Mr. Paterson had said, to aim at producinff, on a 
worldng scale, what tney were able to do in the laboratory. With reference 
to Mr. Peebles's observation as to temperature, he must point out that at 
the works the measurement was at variable temperatures. If the eas 
were properly condensed, it brought down the temperature nearly to wat 
of the aimosphere at the works. He would remind Mr. Peei)les tiiat 80^ 
was two degrees below freezing pointy and if they used wet meters, that 
woxUd necessitate thawing them before the sas could pass through them. 
It was therefore too low a temperature to take. 
Mr. Pesblbs said he only mentioned 80° as an iUustration. 



A NEW STANDAED FOR DETERMINING THE 
ILLUMINATING POWER OF GAS. 

By Mr. John Methyen (London). 

That the present parliamentary standard for determining the iUnmi- 
nating power of gas is unsatisfactory, will be disputed by few Members of 
this Association. If we possess a doubt as to the exact length of a yard, 
the capacity of a quart, or the weight of a himdredweight, it is possible to 
hare it compared with, and corrected, if necessary, by tiie recognized 
standard ; also, within the last year or two, a stancuurd burner has been 
duly deposited, so that we can compare the burner supplied with our 
photometers. But we are not so fortunately placed with regard to our 
standard candle, and we are still at a loss to Imow what a standard candle 
really is, although we are tolerably well acquainted with the expressions six 
to a poxmd, and 120 grains per hour. The Legislature has deemed it suffi- 
cient, and Q-as Companies have not objected to it, that the light given by 
a certain quantity of gas shall be compared to, and its value determined 
bv, the light given from a'eertain number of sperm candles possessing the 
above qualifications. 

It has been clearly demonstrated by Mr. Eirkham, in the able paper 
he read at the Institution of Civil Engineers, and the results of his and 
Mr. Sugg's extensive and elaborate researches were brought before the 
notice of this Association, in the interesting lecture given by the latter 
gentleman at the meeting in 1870 — ^that the candle is a most unreliable 
standard, and altogether unfit for determining the illuminaling power of 
gases. 

It is now nearly ten years since these serious defects in our standard 
were pointed out, yet new Companies have obtained parliamentary powers, 
and existing Companies have been permitted to extend their phmt, and 
all have agreed that the commodity in which they Irade shall be subject 
to this incorrect and unfair standsurd. Has not the time yet arrived for 
Gas Managers to exert their influence in a direction which will eventually 
remedy tms ? 

It is the intention of the writer of this paper, before describing what he 
considers to be a very good substitute for the candle, to point out some of 
the evils attached to the present standard, and then to mrect attention to 
some of the methods and instruments which have lately been introduced 
as standards for determining the illuminating power of gas. 

It is generally understood that the results oiphotometrical experiments 
are influenced by altering the positions of the wicks of the candles used, 
and it occurred to the writer to make some experiments with different 
candles, and note the effect produced by the altered position of their wicks 
on the delicate instrument invented by Mr. Crookes, which he has termed 
a Badiometer ; and, as these experiments appear to possess interest, the 
writer has determined to introduce them to the notice of the meeting, 
trusting that they may prove worthy of the time their explanation wm 
occupy. 

The first set of experiments were made as follows : — ^The candle under 
examination, after being lit, was hung in a delicate balance ; the radio- 
meter was then fixed on a stand, so that the centre of its globe would be 
in the same horizontal line as the flame of the candle, and fixed by means 
of fine plumb lines exactlv 6 inches away from the centre of the flame, 
the whole being protected from draughts and reflected light by suitable 
screens. The candle being balanced, the minute clock was started, 
and for ten minutes observations were made of the number of revo- 
lutions of the radiometer. At the end of the ten minutes the candle 
was extinguished and weighed, the rate of its consumption of sperm 
and the number of revolutions of the radiometer being noted. Bach 
candle was tried four times, the position of the wick being altered 
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each time. The results obtained from six diffe- 
rent candles are marked on diagram 1. the Tertical 
lines representing the different consnmptions of sperm 
in grains per hour, and the horizontal the tenths of a 
revolution of the radiometer. The black marks are 
formed to indicate the position of the wicks. It will 
be observed that, if there had been a regular increase 
of illuminating power given by the candles with an 
increased consumption of sperm, the marks would ap- 
pear all on one horizontal une. This, however, is not 
the case, neither does it indicate that a candle gives 
more light, with its wick at right an^es to the radio- 
meter, than it does in any other position; but it proves 
what an irre^^ularity there is in the amount of light 
emitted by this uncertain standard. 

Feeling tolerably well satisfied with the results of 
these experiments, the writer undertook a second series 
with the centre of the candle fixed exactly 6 inches 
away from the radiometer. Three times each candle 
was tried, with the wick in a different position each 
time. Diagram 2 shows the results obtamed from an 
examination of seven different candles. Each candle wiU 
be distin^^uished with its wick in the different positions, 
and by its colour. It will be observed, in all cases, 
that when the wicks were turned away from the radio- 
meter, the number of revolutions was low, compared 
to those in which the wicks were turned towards the 
instrument, and that always when the wicks were at 
right angles the number of revolutions was about mid- 
way between the two. This peculiarity was not ob- 
served in the first series of the experiments, because 
Illustration of a the centres of the flames of the candles were in that 
Bperm CandU, ahow^ case the fixed distimce from the radiometer; but in the 
ing potUUm of Centre second series the centres of the candles (disregarding 
SJviSwlwKStr their flames) were the fixed point, and it is interesting 
wthCentreofLandie. ^ ^-^^^jy^ the great effect produced on the radiometer 

with the wick in one case bending towards it, and in the other bending away 
from it. One instance marked on diagram 2—wiok turned from the mstru- 
ment — revolutions per grain consumed, 6*66; wick turned towards it, revo- 
lutions 7*67 ; showing an increase of 88 per cent. Taking all the candles 
marked on diagram 2, the average increase in revolutionsper grain consumed 
amounts to 22| per cent. The altered position of the name of the candle 
each time the position of its wick was moved was hereby clearly indicated 
by the sensitive character of the instrument. And, it was found by 
careful measurement to be about three-eighths of an inch — ».0., the centre 
of tiie flame (the candle being turned on a fixed centre) would describe a 
circle three-eighths of an inch diameter. 

Several experiments were tried in the usual manner on the ordinary 
photometer, resulting in a difference in the quality of the same gas of 
over one candle, by using the wicks in one case turned awav from the 
disc, and in anotner turned towards it; and in all cases when hoth wicks 
were at right angles to the bar of the photometer, the result was a 
mean of the two previous tests. A reference to diagram 2 will show 
the similarity between these tests and those recorded by the action of 
candles on the radiometer — sufficient evidence to remove all doubt as to 
this instrument being reliable for the purpose it was used. Heat-rays 
from the flames of the candles undoubtedly had their respective influences 
in operation, in addition to the luminous rays ; yet we are able to form a 
fair comparison, as the whole of the experiments were made in the same 
way, ana BlTnilar results shown. 

The above results of experiments, although they are as drops compared 
to the ocean of facts clearly proved by Messrs. Kirkham and Sugg, tend 
to show, firstly, Ihat candles do not give an xmiform li^t, even when 
exactly the same weight of sperm is consumed ; secondly, that there is no 
more ught given by a candle with its wick in one position than in another, 
providM that the centre of the flame be the ilzed point; and, thirdly. 
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thftt unlecs (in nsmg an ordinary photometer) tho gM to be tested ifl com- 
pared with the oentre of the flame of the oandle, the rendtlnA obWTTft* 
tions will be misleading. From thia we may conclude thM aa tbara 
appears to be no uniform amount of light given by oandleSi even whaa 
of the same make and apparently exactly alike, it is an ansatisfaotoYy 
standard, and that if we are compelled to continue its use, it is absolutely 
neoessaiy that the centres of the flamee should be in the proper position 
on the photometer bar. Under these conditions it is possima to improva 
the candle as a standard, and diminish the chance of error in its use ; but 
as photometers are generally constructed (unless of the cUaa facently Im- 
proved by Mr. Sugg), so that the candle-holder is fixed a oartain distanoa 
from the burner, it is left in the option of the operator to plaoa his oandlaa 
with the wicks in any position he chooses. The results of this laldtucla 
of discretion on the part of the operator might prove vary serious to a 
Company who are compelled to supply a certain quality of gas undev 
penalties. Engineers of these Companies are, therefore, compelled to 
make gas of such quaUty as to allow for the variations of the present 
standard ; and as it is quite possible for Examiners to make the same gaa 
vary to the extent of one candle — ^half a candle in favour of the Companyi 
and half a candle against the Company — ^by merely altering the position 
of the wicks of the candles, it is necessary to make the gas, at any raiSi 
of half a candle higher quality than there would be necessity for if tha 
centres of the flames were the fixed point; or, in other words, if the wioka 
of the candles were always turned at right angles to the photometer bar. 

This matter assumes a serious aspect when we look at the cost in 
London alone of this extra half candle. Assuming that to enrich 16-candla 
^as to 16| candles costs one halfpenny per 1000 feet, and at this figure it 
IS not over-estimated, the total quantity of gas made in London in 1876 
having been 16,629,484,000 feet, it amounts to no less a sum than 
Jg82,561. That this expenditure might be considerably reduced} il not 
altogether saved, there is little doubt, if an uniform and unvarying 
standard was adopted. 

The writer would suggest that so long as the candle continues to be tha 
standard, the Referees should be required to direct tiie Gas Examiners to 
place the candles with their wicks pointing across, or at right angles to 
the photometer bar. But we are not all subject to have our gas tested by 
experienced operators, and any edict issued by the Beferees would only 
affect a small proportion of gas-makers. The writer can well understand 
the indignation of a Gas Manager, when, just to wind up his laborious 
daily duties, he estimates the quality of the gas in his holder, by an experi- 
ment with his photometer, to be equal to 16 candles, he having uninten- 
tionally used the candles with their wicks leaning away from the disc, 
and rests satisfied with what he conscientiously believes to be the true 
value of his gas. When, however, his Examiner, equally anxious to act 
conscientiously, arrives at a very difierent result, the wicks of the c/eindlea 
he uses happening to be turned in the opposite direction, and he believing 
also in the satisfactory test he han made, publishes to the consumers the 
information that the Gas Mana^^ui has been making and delivering gas of 
an inferior quality. Such then is the standard that both skillea and 
unskilled Examiners have to operate with at the present time. 

The remedy for this evil undoubtedly is to substitute an unvarying 
standard, and one which can be depended upon. The question stiu 
remains, How is this to be accomplished ? Several suggestions have lately 
been made for improving the standard, among which, &at of Mr. Vernon 
Harcourt is one of the latest. But, to the writer, the preparation of pen- 
tane gas appears to require great skill and care ; great difficidty also will 
be found in keeping the water-line of the meter accurately adjusted, and 
the hight of the fiame exactly defined, even with the aid of a plalonum 
wire. These difficulties render this test unfit for ordinary practical 
purposes. 

Kext in the order of consideration (and, from its extreme simplicity, 
it might well have been placed first in the list) is the ingenious discovery of 
,the radiometer by Mr. Crookes, which demonstrates the fact that light is 
capable of exerting mechanical power. This appears to be everything 
that can be desired, as far as determining the power exerted by different 
flames; but tha daUcaey of the instrument neoasaary to zacotd tha 
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nvolittloxui, ai iA pnaent oonstanioted, ^vffl probMdy pnmaaA Ui vltiniaU 
adoption m a standard. 

Tne illuminating power meter designed by Mr. Sugg is a Tery sarviM* 
able instrument, but it is considered by some to possess the same disad« 
vantage as the pentane standard in the difflchilty of regnlating the height 
of the flame, with this important advantage, however, that the errors 
wonld be small compared with Mr. Haroonrt's shorter flame in his 
standard. 

It has also been snggested to snbstitnte an oil lamp (as is adopted by 
the French for their standard) for candles; bnt then we have the diificnlty 
of procuring oil of a constant quality, its liabiiity to be affected by change 
of temperature, the even texture of the wick and consequent form of 
the flame, and the effect of atmospheric influence in its combustion. 

Lowe's jet photometer, as improved by Messrs. Kirkham and Sugg, is a 
very useful instrument for the purpose, and recommends itself as oeing 
much more reliable than the candle. 

For some time past the writer has been considering the subject of this 
paper, and his investigations have convinced him that it is possible to fonn 
an unvarying standard for determining the illuminating power of gas 
burning at one end of a photometer, by comparing it with a portion of ube 
most luminous part of a flame of the same gas, or of gas of any other 
quality, consumed by^ a similar burner, at the other end ox the photometer, 
in the position occupied at present by the candle. In other words, he has 
discovered that portions of the flames of gases of varying qualities, raniring 
in illuminating ][»ower between 15 and 36 candles, consumed so as to eneot 
perfect combustion by similar burners, are equal in illuminating power. 

The above engraving represents a 60-inch Letheby photometer, which 
illustrates the manner in which it is proposed to use the new standard. 
The burners used in making the various experiments, and whioh are con- 
sidered most suitable for the purpose, are the same that the Beferees hava 
adopted as the standard burner. They are capable of consuming gas of 
any quality up to 40 candles with perfect combustion. 

In front of the burner^ between it and the photometer dise, is fixed a 
brass screen, with provision similar to that of an ordinary candle holder, 
for fixing it at the end of the photometer bar. The tube on which the 
burner is fixed is provided with a T-pieoe and union joint, to whioh can 
be attached a flexible tube from the ordinary service to the photometer, 
supplied with an ordinary micrometer cock and governor, to facilitate the 
adjustment of the height of the flame. The end of the tube is fixed on a 
stand, so tiiat the whole may be lifted off the end of the bar at any time. 
A hole about one inch in height and one-quarter of an inch in width is out 
in the screen, of the form and in the position shown on drawing, which will 
be found sufficient to allow an amount of light to pass through it equal in 
illuminating power to that given by two standard sperm candles. Screena 
must be provided to prevent any other reflected light acting upon the 
photometer disc. 

After lighting the gas at both burners, and adjusting the rate of consump- 
tion of the gas to be tested, the operator will be able, by one observation, 
to determine its illuminating power. The size of the aperture on the 
brass screen might, if desired, be reduced so as to allow sufficient light to 
pass thronTh, equal in power to 1 candle only, and this would appear 
preferable, as the scales of photometers are marked for 1 candle, but then 
the advantage of the more equally illuminated disc would be lost. 

The manner in which the experiments were conducted, which enabled 
the writer to arrive at the above conclusions, were as follows : — H^ used 
an ordinary 100-inch photometer, fltted with necessary screens ; a Beferees 
standard burner at each end, connected to their respective meters and 
governors ; and two small gasholders, one filled with common gas, equal to 
16-candle power, the other with cannel gas, equal to 86-candle power. 
The burner on the right was supplied with common gas only; that on th« 
left with a service from both common and eannel. Tne metor of the right- 
hand burner was adjusted to a steady consumption of eommon gas of 
6 feet per hour. In tne first place it was necessary to determine the most 
suitable form of aperture to be used in the screen. This was arrived at by 
a series of experiments representing an analysis of each flame. The left- 
band buner wa0 fltted with a tin screen, with a large hole in it, about 



58 

^ inohes luAh a&d 1^ inohM Tvide, and a smaller screen with an aperture 
abont 1 jt incuoes wide, and 8-lOQis of an inch high, made so as to be easily 
moved m a vertical mrection, and sufficiently deep to cover the large hole 
in the first screen. This enabled the writer to ascertain the amount of 
light given from the same portion of the flame of each gas. The plate on 
which this screen moved was marked 8 inches from the top of the burner, 
and carefully divided into ten spaces, each space corresponding in depth 
to the aperture in the moveable screen. Five observations were made, and 
the average recorded with the screen in each of the positionB, common 
and cannel gas being alternately burnt in the burner behind the screen. 

The tables appended to the paper show the results. 

Beferring to the average of the four sets of experiments in Table I., 
it will be seen that the position of the greatest amount of illuminating 
power of the flame of cannel gas is lower down the screen, or flame, than 
that from conmion ^as — i.e., No. 6 of common appears to be e^ual to No. 5 
of cannel. Combustion appears to take place nearer the burner in the case of 
the latter than in the former. Taking three sections of each flame, 6, 6, and 
7 of common, and 4, 6, and 6 of cannel, there is a very slight difference in the 
average of each. It, therefore, occurred to the writer tnat, if the aperture 
embraced portions of three of these horizontal 8})ace8, it would be the best 
form of screen to adopt, and so it has proved itself to be. The results 
shown on Table I. were arrived at by using an aperture which embraced 
the whole width of the flame, and the variations m the results indicated 
are produced by two causes — ^first, the alterations of the width of the flame ; 
and, secondlv, the bright portion of flame which is easily observed at the 
edge of the flame from an ordinary Argand burner. The adoption of the 
vertical aperture excludes these causes of variation, and the results arrived 
at are qmte satisfactory. It is possible to fix the screen with the vertical 
aperture, so that the same amount of illuminating power of flione will 
pass through it from both gases. Out of the whole number of long experi- 
ments the writer made — three of which are recorded on Table II. — ^their 
averages did not vaiv more than 2-lOths of a candle, between the power 
of the light through the screen with common and cannel gas, and in 
many cases the averages of ten observations of the one were equal to that 
of the other — clearly proving that a portion of the flame of 15- candle gas 
was equal in illuminating power to a corresponding portion of the flame of 
85-candle gas. 

In the last-mentioned experiments, the range of 20 candles between 
the quality of the two gases is so great that even if a slight vaiiation was 
found between the two, it would be proportionately diminished if the 
quality of the two gases were nearer alike ; but as it was the wish of the 
writer to thoroughly convince himself of the adaptability of the standard 
he suggests, before bringing it under the notice of the Association, he was 
particularly anxious to submit it to the most severe trials, and as the 
results which have been arrived at, and referred to above, appear so satis- 
factory, he has the greatest c(mfidence in introducing the subject to the 
notice of the meeting as an unvarying standard for determining the illu- 
minating power of gas. It possesses this advantage — ^that the quality of 
the gas to be tested may be arrived at by one single observation, thereby 
saving time. It is not dependent upon the height of the fiame being 
accurately adjusted. The colour of tne two flames being alike, the illu- 
mination of both sides of the disc will be nearer alike. It is not sensibly 
affected by atmospheric influences. It can be used by skilled and unsldlled 
operators without the chance of error, or of the photometer being con- 
verted into a misleading instrument, which now it unfortunately is often 
made to appear. 

The writer's acknowledgments are due to Mr. Sugg for his kindness in 
constructing an apparatus, and fitting the same to one of his most 
recentiy improved photometers; also for his trouble in exhibiting his 
illuminating power meter, and improved jet photometer, all of which are 
in operation for the inspection of members. Also to Mr. Kirkham for the 
loan of his large diagrams, which are hung on the walls for the purpose of 
reminding every one concerned as to what has been done in years gone 
by^ in the matter of exposing the ridiculous standard we are at present 
using. Andj lastiy, the writer's thanks are due to the meeting for the kind 
attention he has received. In conclusion, he trusts he has succeeded in 
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Flame of each gas in screen burner adjusted to a height of 8 inches. 
G-as at opposite end of photometer burning 6 feet per hour in all cases. 



The Pkbsident said as Mr. VflTnon Harcourt was present he would ask 
him to describe his apparatuff. 

Mr. Vebnon Habcoubt said t Kot having expected to be asked to describe 
the standard I propose, I have not had an opportunity of placing it before 
tiie eyes of Gas Managers. Naturally, I do not myself think that the 
apparatus I have proposed li complicated to the degree to which Mr. 
Methven seems to think it, and I will endeavour, if I can, without having 
the apparatus before me, to datcribe it sufficiently for those present to 
undeiistond. I prepare, in th# iirti imtaiioe, a gas of constant composition. 
It is very readily made, for ii i« A mhiiure of air, whose composition is 
constant, with the vapour of a hydrocarbon which can be readily obtained 
from a few rectifications of the petroleum now largely sold for the pro- 
duction of air gas. It is of constant chemical composition, constant 
specific gravity, and nearly constant boUing point. The preparation con- 
sists in bringing first into on experimental gasholder a measure of air. 
The gasholder is furnished with a scale by which the quantitv of air 
passed in can be read ofi. The one I have been employing is of such a 
size that I find 8 cubic feet to be a convenient quantity. In the crown of 
the gasholder there is a tap through which I pour in, from a measure, a 
quantity of pentane, which if the hvdrocarbon I use. This substance is 
reaUy more easily obtained definite^ than either alcohol or other more 
familiar substances. That is simply a question of experiment. I have 
distilled the substance on a tolerably large scale several times, and deter- 
mined the specific gravity for the products, and although there is no way 
of proving such a fact — one can merely state it — ^there is no difficulty what- 
ever in obtaining by the gallon this fiquid of uniform composition. It is 
extremely volatile, so much so that when a small measure of it is brought into 
3 cubic feet of air, it volatilizes immediately, an^ forms a gas which is per- 
manent under the greatest atmospheric pressure, and at a temperature 
below the freezing point of water. Thus I make a gas which consists of 
nearly 1 cubic foot of hydrocarbon vajKmr and 8 feet of air. The two con- 
ditions necessarv for a photometzio standard ar6~-first| the production of 
a combustible, of constant composition, to give the li^ht; next, conditions 
of burning which are definable and easily reproducible. The conditions 
of burning I proi>ose are that the gas shall be burnt at the end of a 
piece of brass tubing, 1 inch in diameter, and 4 inches in length, closed 
by a plug half an inch in thickness, and perforated by a quarter-inch 
hole. I take this with a view to have simple measurements, all on a 
large scale, so that there is no part of the burner which, with moderate 
trouble, cannot be reproduoect in one case exactly as it stands in 
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aiiolhtt>. Thit All c|tt«||iitie8 to bd adjasied shftll b« iUffloiontlv Uxg0 ih*t 
th^ errors ooonrrin^ in making shali be immaterial, appears to me to be 
an essential condiuon of success. With this burner I bum the gas in 
the proportions I have described. The proportion between the adx and 
ffas so described is snch that, when burnt at the rate of half a oubio 
foot per hour, the light given shall be equal to tiie light of an average 
stanoard candle, 
the height 
above tne orifice 

fectlveasyto ascertain whether the flame that is'being produced is 'the 
right flame or not, and if it is, when the gas is burnt at the rate of half a 
cubic foot per hour, the top of the flame will precisely touch the wire. If 
the gas is too poor for the flame to touch the wire, it will have to 
bum at a greater rate ; if too rich, at a lower rate. I have made a number 
of observations in order to choose this flame, so that it shall correepond 
with the average flame of a candle. I entirelv agree with the remarks Mr. 
Methven has made as to the inaccuracy of tne present standard. I have 
worked with it a great deal, making candle testings for a great many 
years, and nothing can be more unsatisfactory than the endeavour to obtain 
accurate results in a quantitative operation in which the standard that is 
used varies so extremely as, I believe, with all possible care, the standard 
sperm candle does vary. Mr. Methven has dealt with a particular 
source of error — a grave source, I have no doubt, and one which it is fair 
to mention was pointed out in the Joxtbnal or 0as LiaaTnvo, some yean 
ago, by Mr. Young, that, when the candle bends over, as it does always, it 
throws the flame a little out of axis. This, I think, fairly might be 
remedied, in the case of two candles, by arranging the wicks so that they 
may look opposite ways as the candles bum down. If they are rightly 
placed, the movements of the two will correspond to one another, so that 
the mean position will be about aJike. There are other more grave errors 
to which candles are liable. One is the difference in amount of light, 
given according as the cup of the candle is filled with melted grease, or is 
drained dry. This difference is produced by so slight a cause as opening a 
door or a very slight draught, and it does not pass off at once, but continues 
for ten minutes. The candle may be burning brightly or low, and, as the 
cup is full or empty, you find the difference of Ught, which is by no means 
fully compensated ror by the customary allowanoe for the difference 
in the amount of sperm burnt. Another difference, still more difficult 
to deal with, is the aocumulation of ash at the top of the wick 
when the candle has been burning in still air for some time. However 
well the wick is made, there is a considerable accumulation of ash at the 
end of the wick, which greatly reduces the light of the candle. A slight 
shock to the candle, or a slignt draught, may cause this bunch of ash to 
fall off, with a sudden Improvement m the hght, so that I have found, in 
making experiments with the apparatus, that the removal of this, after 
making a set of observations, would cause a variation, in the apparent 
illuminating power of the gas tested, of two candles. The matter has 
really been made out to the satisfaction of all who have had to do with it, 
and the question which has to be solved, if possible, is to provide some 
substitute for the candle. It seems to me uiat a candle has this advantage; 
it is a faTniliar and tolerably intelligible one. It gives some kind of rough 
notion of what is meant by the illuminating power of a lamp, if we say it 
is equal to that of 16 or 10 candles. But I do not think that wlU be at all 
saonflced by the substitution of another tme unit of light in the operation 
of photometry. Just as we still retain such terms as a foot or a grain as 
measures of length or weight, although we no longer use a foot as an 



actual measure, or a grain as an actual weight, so I think 16 candles may 
fairly remain as a description of a particular kind of gas. I am afraid I 
am scarcely able to offer any cxiticiBms as to what Mr. Methven has brought 
before you, seeing the apparatus for the first time. I remember, when 
Mr. Sugg gave an account of his illuminating power meter before the 
Institution of Civil Engineers, he made then these statements: — ^That 
however the quality of gas ^t was being burnt varied, if the flame were 
kept about ^e same, the aeteal light civen was the same : that gas-flames 
burnt with ap«rticulftr burner Twita not in brightness imt insia»; and 
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thftt ihe aotual amount of light given per unit of likht is the same, what- 
ever the quality of gas bnmt. I nnderstand Mr. Methven chooses a hole 
of a particnlar form and at a particular distance from the burner to 
exdnde all bat the least portion of this tolerably imif orm light, and that 
this portion of liffht passing through the screen may correspond to the 
li^ht of two oanales. As I have said, it is difficult, if not impossible, 
without having experimented with such an apparatus, to form for oneself 
anv judgment as to the degree of accuracy obtainable with it, and I would 
only ask that Mr. Methven, having been in the same case as I have with 
regard to his a^naratus, and not having had an opportunity of making any 
comparison, iml be equally willing as I am to reserve his judgment in 
the matter. 

Mr. G-BOBas Liyebet said that, having used Mr. Harcourt's method for 
a considerable time, he could corroborate what had been said, and had 
found no difficulty whatever in the management of it. The question of 
getting the proper height of the flame was not a difficult one in any sense 
whatever. There was just the simple flame, and he believed it was a 
means of testing infinitely superior to the candle. He was not going to 
say Uiat Mr. Methven's might not be better, and if, by other experiments, 
it was proved that that simple apparatus, with a idit in the intercepting 
plate, could be depended upon to give a uniform quantity of light under 
all circumstances, it seemed an exceedingly simple arrangement, and one 
which could be applied anywhere and everywhere. Whether they could 
get the public to believe that tiiey were receiving a proper quality of gas, 
when the standard by which it was tested was we gas which was being 
tested, he was not quite so certain. He feared the public would be apt to 
say that it was so managed as to " do '' them in some way or other. 

Mr. Wabnbb (South Shields) said there could not be two opinions as to 
the interesting nature of this discussion, and the paper had come in very 
opportunely with Mr. Harcourt's description of nis apparatus. One 

Juestion he wished to ask was, In what manner did this process of Mr. 
[ethven's differ from the principles set up by Mr.Fiddes some years ago ? 
He remembered visiting his works at Bristol some time afterwards, when 
he ffave him an interestmg account of the work he had been doing, and he 
wished that gentleman were present, as he might throw a little light on 
the subject. 

Mr. Habtlbt (London) said he hardly dared venture to say a word in 
favour of candles, which seemed to have gone completely out of favour of 
late, although there were still some users who considered a candle to be 
an exceedingly good standard. There was one difficulty in the adoption 
of a new standard — ^that the Acts of Parliament would have to be modified 
before an^ other standard could take possession of the field. With Mr. 
Harcourt s test he was perfectly familiar, and he must acknowledge there 
was no difficulty in using it. He had prepared the gas, and could assert 
that it could be used with facility. In the paper just read he found 
reproduced a scheme with which he was familiar some years ago, and 
with which he worked for a considerable time — that of Mr. Fiddes. 
Unfortunately, he could not obtain with that arrangement the same 
result which Mr. Methven said he had obtained. He found that unless he 
maintained the flame at a very constant height, and if, moreover, he had 
variations in the quantity of gas, there were variations in the indication 
given by the instrument, and, therefore, that he could have no standard, 
and cotud put no dependence, in fact, in the indications given by the photo- 
meter. Mr. Methven had startled him considerably by stating mat a range 
from something like 16 up to 35 candle gas enabled him to get the same 
illuminating power through the apertures he had in his opaque chimneys. 
He was not prepared for that, because he found, when working with Mr. 
Fiddes's arrangement, great divergences; and, unless the aperture was 
very carefully arranged, and, not only so, but the height of the flame 
very carefully maintained, he ran a great risk of having the luminous 
point raised mto diflerent positions, and, therefore, failed to get the same 
indications on the photometer. With regard to candles, all ne could say 
was that the defects arose from the non-observance of the due conditions 
which should belong to the use of candles. If, as indicated by Mr. Young, 
years ago, the candles were placed at right angles, so as always to preserve 
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their oentreB in due relationBhip to the disc, the diilerenoe would not be 
80 extreme as Mr. Methven indicated; bnt if the candles were allowed to 
bum anyhow, one might expect to find a considerable divergence in the 
results. He mentioned years ago some points he thonght shonld be 
regarded in the nse of a candle, and certamly he had never been able to 
find such extreme divergences as appeared to have been noticed by others, 
though those differences and divergences did sometimes arise, he had no 
doubt. Oertainly candles did vary considerably, and in asking operators 
to nse candles, he asked that they shonld be bnmt properly, witn the wicks 
properly centred, and if they were not, that the candles shonld be rejected. 
The radiometer had been referred to, bnt that Mr. Methven did not prefer 
to nse as a photometer, although he had obtained manifestations which 
were very interesting. He (Mr. Hartley) did not know whether that was 
ever likely to be found useful, for he had never settled how far the influ- 
ence of heat operated in contradistinction to light. He should feel great 
pleasure some day in seeing a better standard, and if it were such a one as 
ought to be adopted, he had versr little doubt that alterations in Acts of 
Parliament might be made to suit this or Mr. Harcourt's test, which he 
had had the pleasure of working with for some time, but he thought there 
would be considerable difficult in persuading the Legislature and the 
public that such a change was desirable or necessary. 

Mr. HiSLOP (Paisley) tnought that so long as candles were used, there 
should be some definite understanding as to the position in which the 
wicks were placed. He had given ms views on this subject in the 
JouBNAL OF Gas Lighting — ^namely, that the back of one wicK should be 
turned to the photometer-bar, and the broad side of the other, so that the 
exact mean of^the flames at the centre should be secured. He held that 
if the broad side of the two candles were placed towards the bar, the true 
light of the candles was not obtained, as there would be more than the 
due proportion of light sent in two directions. One reason why he 
believed a considerable difference might arise in the results obtained by 
different experimenters was the use of funnels on the top of the pho- 
tometer-boxes. Many boxes were used, closed in front, wim a curtam to 
hang over to exclude the daylight, and it was the practice to provide them 
with funnels at tiie top. Many years ago he had one supplied to him, and 
could not, by an^r means, get the candles to bum steadilv, neither in 
regard to the oscillation of the flames, nor the quantity of sperm con- 
sumed, until he took off the funnels. Indeed, he nad to all but close the 
opening in the crown of the box with an iron plate, leaving only about 
an inch or an inch and a half uncovered, and then he obtained a perfect 
steadiness of flame, never exceeding a variation of half a grain in the 
consumption of sperm. Li common with his friend Mr. Hartley, he had 
given a veij fair trial to Mr. Fiddes's method of illuminating the bar 
through a f -inch hole in a copper tube, substituted for the ordinary glass 
chimney over an Argand burner. li he remembered rightly, it was 
placed exactly 1^ inches from the top of the burner, and was supposed to 
give a light of one candle. He gave it a fair trial, but was obliged to 
abandon it. They were all at one, however, as to the desirability of 
having one standard which they could all adopt, and obtain satisfactory 
results from on all occasions. Me hoped the new method would result in 
a complete success. 

Mr. JBall said he had just been working for about three weeks with a 
photometer, and he had been working not only with candles, but with one 
or two other things as weU. They had just been making a long series of 
tests, and when they got some distance through them, having tested about 
26 or 80 samples with a great many variations of results, it occurred to 
him to change the disc in the reflector on the photometer-bar (which was 
a 60-inch Letheby), with the startling result of an addition of two candles 
to the illuminating power. This was a matter which could scarcely be 
overlooked when it affected some parties to a serious extent, and it neces- 
sitated commencing the experiments all over again.. In addition to this 
defect, he found, as lir. Harcourt had said, that if any interruption occurred 
during the observation, such as the opening of the door into the room, 
it materially affected the illuminating power of the candles for perhaps 
two or three minutes, so much so as to necessitate a fresh observation 
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altOMihMfi and puriioiUftrly if it should happen to ooour towards tha end 
of the testy when the consumption of sperm conld not possibl^r make np 
for the difference in the illommating power. It wonld be sometimes eqxuu 
to one and a half or two candles. He should be yery glad if Mr. MethTon's 
system shonld prove a snooess, because it would materially reduce their 
labours once a year, at all eyents, if they could take one test, instead of 
haying to take 10, 20, or 80. 

Mr. PxEBLBS (Edinburgh) was glad Mr. Methyen had taken up the 
radiometer, which he thought had not receiyed the attention it should haye 
had from gas analysts. If he mistook not, Mr. Goodwin, of Philadelphia, 
made some experiments in connection with the radiometer, and g^ye the 
results at one of the meetings of the American Association. He saw 
Major Dresser, the Editor of the Americcm Qaalight Joti/mal, present, 
and perhaps he could state what those results were. He might say that, 
as the Association talked about yisiting Scotland, they might possioly, in 
a year or two, hold a meeting in America, and, if they did so, he was sure 
there would be no one more willing or anxious to extend the hospitality of 
the New World to them than Major Dresser. At any rate, ne could 
speak in the warmest terms of the kmdness with which he and one or two 
friends had been receiyed in America. 

Major Dbessbb said he had had a long connection with the sas 
business, but his duties were more to make public what other men did 
than to giye any facts with reference to what had been done by himself. 
After thanking Mr. Peebles for the kind manner in which he had referred 
to the small amount of attention which had been paid to them, he said he 
would second most heartily the suggestion thrown out by that gentleman, 
and if the Association would go to America, he was sure they would haye 
such a reception as only the gas makers of England were entitled to from 
the gas makers of America. With reference to the experiments of Mr. 
Goodwin, they were given at a meeting of the American Association at 
Oincinnati. He simply found that, takm^ gas of a known illuminating 
power as previously determined, the motion of the radiometer did vary 
with the different illuminating powers of the gas. He did not think the 
matter had been fully investigated, and merely indicated that as a line 
which might be pursued with iaterest by those who desired that most 
desirable of all things, a fixed standard for illuminating power. They 
were blest in America with very little in the way of examination, and as 
long as they could say that the candles they used were candles imported 
from England, that they were standard candles and must be right, the 
ordinary alderman succumbed. He should be very glad if he could ^o 
back and say to his fellow-countrymen, who watched their brethren m 
England more closely than they had any 'idea of, that they had found 
something which was an absolute standard. 

Mr. MxTHVEN, at the close of the discussion, said that the only question 
he had really to answer was that of Mr. Warner, who asked whether this 
method was similar in idea to that of Mr. Fiddes. UntU he was informed 
of the nature of this experiment by Mr. Hislop, he was not in a position 
to say; but from what he gathered, Mr. Fiddes 's idea was to take a 
portion of the flame, to cut a nole in the brass screen which surrounded 
the flame, to aUow that portion of the flame to act on the photometer 
disc, without any regard to the steadiness of consumption of the flame, 
or anything else. If that were so, there was no difficulty in seeing why 
it did not answer. The screen he adopted was immediately in front of 
the burner, burning with a steady flame inside a chimney. He could only 
r^er to Mr. Sugg's illuminating power meter, which, as Mr. Harcourt 
said, resembled his in principle. It purported to record the illuminatiiig 

Sowers of different gases varying in quality, simply by regulating the 
eight of the flame burning through the same burner. Althou|[h he did 
not take his idea exactly from the illuminating power meter, it was the 
same principle. The facts he had stated were correct, and he should be 
pleased indeed if any one sufficiently interested in the matter would come 
to his works, where he woiUd explain the process more fully. He need 
only add that he was not personally interested in the matter at all, and 
brought it forward thinking that it would be interesting, knowing that a 
new standard was much required. 



'S PAl 
t)ARD 

illumI 

I5AS . 



r- , 



I I 



THE PRODUCTS OF COMBUSTION. 

A Lecture delirered at the Eyening Sitting 
By Mr. Thomas Wills, F.C.S., F.I.O. 

Mr. President and Gentlemen, — ^I oconpy the position of yonr Lecturer 
to-night with some amount of diffidence, which arises troia two causes. 
First, I know that at these annual gatherings you look for some light to 
be thrown, and some information to be given, by vour Lecturers, upon some 
of the processes with which, in the exercise of your profession, you are 

Eractically so familiar. Then again I remember that those gentlemen who 
ave preceded me in this position have been able to rely upon an amount of 
experience in matters connected with the gas industry, to which I can in 
no way lay claim. I should have been ^lad, had I been in a position, to 
bring before you the results of some new inTCstigation, which might have 
advanced your knowledge in respect of the destructive distillation of coid, 
or of the various |)rocesses for the purification of coal gas, or of the develop- 
ment of its lighting power, and at one time I hoped that one or two 
processes of purification, which have been suggested lately, might have 
formed my text for to-night. But in this I am disappointed. I do not 
think that these processes are in a sufficiently advanced state to allow of 
their being taken as a topic for a semi-popular lecture like that of this 
evening. Under these circumstances, I have been driven back to speak to 
you upon matters with which you are to some extent familiar, but I shall 
endeavour to treat of them in a way which possibly may not be devoid of 
interest, or, I hope, even of usefulness. 

The subject "Tne Products of Combustion*' is a ver^ large one. It 
includes all the phenomena connected with the formation, nature, and 
influence of all those bodies which result from the burning oi combustible 
matter. I propose, however, to restrict it to-night to the products of those 
bodies which are used for illuminating purposes. As it is in the process of 
combustion that such products are formed, and upon which they are 
dependent, a knowledge of what is involved in this process is necessary, 
and to this jtoint, for a few moments as a preliminary, I propose to ask 
your attention. 

When certain bodies are brought into very close proximity to each 
other, a combination, or a separation, or a re-arrancement of their con- 
stituents takes place. Such an action is called a cnemical action; and 
under whatever circumstances such a chemical action takes place, an 
invariable result is observed — ^namely, a development of heat. Such neat 
is conceived to be due to the rapid motion of the molecules of which the 
bodies consist. The intensity of this heat varies ; but when the motion 
is sufficiently^ rapid to give rise to the manifestation of liffht, com- 
bustion is said to occur. Now, the amount of heat whicn can be 
generated in any chemical action is fixed and definite, and it may 
e regarded, so to speak, as a potential property of the substance or 
substaiuces which are undergoing change. It oelongs to the matter 
in which the change is proceeding. But although this heat is an 
invariable quantity, and its amount cannot be altered by us under any 
circumstances whatever, the temperature obtained is not at all uniform; 
that is to to say, the temperature manifested in any given chemical action, 
or even in the same action under different circumstances, is by no 
means uniform. It is always an expression of the heat evolved, but it is 
itself variable, and is governed by circumstances. Let me endeavour to 
make this point clear by illustration. If I take a piece of iron, and permit 

to rust in moist air, a certain definite amount of heat is evolved oy the 
chemical action which is going on between the iron and the oxygen of the 
air. The amount of this heat is dependent entirely on the amount of the 
iron and the amount of the oxv^n which take part in the action. But if 
I take Booh a piece of iron as this [an iron bar], and expose it to moist air, 
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probably there wovld. be no appreciable rise of temperature; I could not, 
even bv the most delicate thermometer, recognize the anionnt of heat eYolyed 
in such a chemiciJ process. But if I took the same weight of iron, and 
caused it to oxidize in the air under other circumstances, I might so 
develop tiie heat evolved in a short time, and in a small space, as to manifest 
itself, not onlj by means of a delicate thermometer, but in the visible 
shape of liffht. In this tube I have a quantity of metallic iron in a very 
fine state of division. The tube is sealed at both ends, and the iron is, 
therefore, out of contact with air. I shall break the tube, en^ty the 
contents on to this paper, and I think you will see by the incandescence 
which occurs with tnis iron, and possibly the inflammation of this piece 
of paper, that heat is evolved in this process of oxidizing iron, and the 
process is identical in every respect with the one which goes on when I 
oxidize a piece of iron in molBt air. [The experiment was performed.] 
Ton see here we have the iron made red hot, and the paper itself takes 
fire. That is only an illustration of what I was saying a moment ago, 
that the temperature may vary, although the quantity of heat would oe 
the same. U the weight of iron which I had in the tube had been enosed 
to the air in the massive state, until the metal had been converted into 
oxide of iron, precisely the same amount of heat would have been obtained 
as in this case; but the lijght, or manifestation to us of heat in that 
action, is much greater in this case than in the other. A familiar example 
of this occurs to me. If we take a piece of wood — say a branch of a tree— 
and allow it to remain lying on the ground in the forest, it gradually 
decays. It'may take weeks, or months, or possibly years, to decay and paM 
away into 'other combinations. If, however, we thrust it into a fire, it 
bums, giving out heat and light : but the amount of heat in each of those 
cases will be precisely the same for a given weight of wood. 

The term "combustion" is usually restricted to those oases in which 
burning takes place with flame. In other words, those cases in which 
the burning bodies are in the gaseous condition. All flames are gaseous 
flames, and, whenever we have combustion taking place with inflammation, 
we are dealing with gaseous substances. Now, passmg on a step farther, and 
tracing the phenomena ui>wards. the temperature we can set up in a 
particular chemical action is an important point. Chemical actions are 
found to become more and more active as the temperature rises. Two bodies, 
which act upon each other slowly at ordinary temperatures, if heated 
up to a higher temperature before being brought into contact, will act 
upon each other much more energetically. Conversely, if we reduce the 
temperature of the substances which act upon each other, the activity of 
the chemical action is repluced in tne same way, and it is probable that if 
we could obtain an infinitely low temperature no chemical action whateTer 
would take plac»~that is to say, all chemical action might be prevented 
by lowering down to a sufficiently low extent the temperature of those 
bodies which would act on each other. 

Now, if when a chemical action is once set up the motion of the 
molecules, or the intensity of the action, be sufficient to produce the 
phenomena of light, then combustion is said to take place. But this is a 
temperature which differs for different substances. All bodies do not take 
fire and bum at the same temperature. All bodies will not enter into 
combination with each other at the same starting-point. To illustrate 
this, I have here in this tube a substance which is a compound of the 
elements zinc, hydrogen, and carbon. It is called zinc-ethyl. This body 
is sealed up in a small ^lass bulb, out of contact with air. If it comes into 
contact with air, chemical action is immediately set up between the liquid 
and the air. At ordinary temperatures this body is said to be spon- 
taneously inflammable. In other words, when it comes into contact with 
air, the ohemical action is sufficiently intense to immediately raise the tem- 
perature up to the point at which light is manifested. If I break this bulb, 
as I do now, I think you will see that the substance will itself spontaneously 
inflame. It takes fire and bums the moment it comes in contact with the 
air, so that the initial temperature of chemical action, or of combustion 
in this case, must at any rate be lower than the temperature which we 
have round about us at the present time. 

Now we go a step further. Taking another substance with which we 
are familiar— the elementary substance known as phosphoms. If I 
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a cuuall fi^M of phoffphoniB and pUce it <m thin plate, the plios- 

JiihortM, uaiilu the body I fiaTe jtist need, do<M aot take fire and btirn by 
tieH ; bat I oan shoir yon that the temperatnte at which it will take fire 
and energ6ticaUy enter into combination with the oiygen of the air in a 
very low one^lower, in fact, than that of boiling watet. If I take a tabe 
containinff a little water, and simply raise the water to the boiHhg point, and 
then touch the piece of phosphoms with the tube containing hot water, 
yon will see the phosphorus itself Will immediately take fire and bom in 
the air. I transfer the hot water to a cold tnbe, so that there maj be no 
excess of heat in the tube itself, and, on tonching the phosphoms with it, it 
immediately takes fire and bnms. So that we hav« here a snbstance 
which we oan canse to enter aotlTely into combination with the air at an 
Initial temperature higher than that of the previoas snbstance. I now 
pass on to another. I take a few drops of a liquid well known, I expect, to 
every one present—bisulphide of carbon. If I take hot water and pttt the 
tnbe containing it in contact with the bisulphide of carbon, you will Mh it 
is unable to set the yapour or liquid of that Substance alight. If, however, 
I take a temperature slightly higher than boiling water — such as I caft g«ft 
by heating this glass rod in the flame, I shall succeed in lighting we 
bisulphide. You see the tube with boiling water in it fails to set it on fire ; 
evidently, therefore, it requires a higher temperature for its ignition than 
phosphorus. Now, I heat the glass rod to a point not very much in excess 
of the temperature of boiUng water, and when I bring that in contact with 
the bisulphide it takes fire at once. This rod is far below the temperature 
of redness, but is higher than boiling water. Here again we have a difference 
in the initial point at which combustion takes place. I might go on and take 
ooal gas. If I take a red hot wire I can ignite coal gas by means of the Wire. 
I cannot ignite a candle at the same temperature at which I can ignite 
the coal gas. So I might go on and perform a whole series of experiments 
in which We should require a different temperature in each ease. 

Now, if at this temperature, which we may call the initial temperatui'O 
ef chemical action, a body enters into active union with a second body, witii 
intensity enough to produce the phenomena of Mffht, we have all the ormnary 
effectA of combustion. It is possible, however, to get a kind of combustion 
in which we have not arrived at the temperature at which the substance 
enters into the most active union with the supporter of combustion ; in 
ether words, we can have an imperfect combustion, and I shall show yoti 
two illustrations of this. I have here a burner through which coal gas is 
streaming. If I take a piece of platinum foil, just warm it, and bnng it 
ovet the gas, the platinum foil gets red hot, and keeps red hot, but it does 
not inflame the gas. The gas is streaming round it, but it is not 
inflanied. The temperature of the platinum is not high enough to inflame 
the ^as, but it is high enough to keep up a slow imperfect combustion. If 
I raise the temperature of the platinum a little higher, the gas will take 
fire. I think I oan do that by raising the platinum foil slightly higher. It 
will then get hotter, and the gas will be inflamed. 

In concluding this point, I have one more interesting effect to show 
you, which can be illustrated very well by some gun cotton, which has been 
twisted into yam in the form in which it is sometimes used in Austria. 1 
take two pieces of the same length, and lay them side by side upon this 
board. I ignite one in the orcunarv way with a flame, and I want 
yon to observe the manner in which the gun cotton, lit by a flame, bums, 
it takes fire and bums with flame very rapidly down its whole length, giving 
out light. Now I will light the other one with a spark, which is consider- 
ablv lower in its temperature than a flame, and you will see a considerable 
difference — ^this piece of g^n cotton, of precisely the same composition, 
eannot bum in the same way when it is simply set fire to by a spark instead 
of a flame. I oan prove to you it is really a question of temperature in the 
following way. If I take a piece of this gun cotton, as we had it in the latter 
ease, burning with a slow fuse-like rapimty down its whole length, and hold 
it up while so burning, the heat, which is generated at its end, accumulates 
round the gun cotton about to be consumed; the temperature, therefore, is 
slightly higher, and it will elevate itself to that point at which it enters into 
oombustion with flame. Taking the spark and setting fire to the gun 
cetton as before, it bums slowly. Then when I hold it up vertically, m a 
moment the temperature is raised sufficiently for it to bum with flame. 

F 2 
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Mow, the possibility of setting fiie to many substflnces, and the apparent 
imposaibili^ of setting fire to others, has led to a division of^DodieB 
into two dasses— combnstible and non-combnstible ; but such terms are 
purely arbitrary, and refer only to ordinary circnmstances. Many bodies 
which do not ordinarily bnm, may be made to do so if we only raise their 
temperature to a snfficient point, if we only obtain and mftlntain an initial 
temperature of sufficient intensity. A piece of wood we understand as a 
comoustible body; a piece of sulphur, in like manner, we recognize as a 
combustible body, because we can set fire to it. A piece of iron, on the o&er 
hand, we do not usually regard as a combustible substance. Our fire-grates 
and jokers are usually made of iron, and we do not regard those materials 
as bemg combustible. At the same time they are so in reality if we only have 
a temperature sufficiently high. I will show you that this is the case with 
iron by an experiment. I am going to use a temperature which is simply 
hijgher than tnat ordinarily obtained in our grates, or even in the hottest 
wind furnace — ^the oxy-h^orogen blowpipe. I have here a quanti^ of iron 
nails, and those I am going to endeavour to bum as we ordinarily bum 
combustibles, and I tmnk you will see they will bum well, with a con- 
siderable amount of brilliancy. This blowpipe is simply an apparatus 
whereby I can drive into a current of coal gas a current of oxygen ; and in 
that way shall raise the temperature of the flame up to about 2500° C. At 
this temperature we obtain the combustion of these iron nails. A great 

ftart of the flame is due to the combination of the iron with the oxygen, 
t is evident, therefore, that the terms " combustible" and ''supporters of 
combustion" are arbitrary only. Still, however, when all is said and done, 
we do arrive at a division of bodies into these two classes, for there are 
some bodies that we cannot make bum, and there are other bodies which, 
at a high temperature like this, we can make to bum. For instance, 
a piece of pumice is really an incombustible substance; there is 
no temperature at which we can make that substance enter into 
combination with the oxygen of the air and bum, so we simply widen our 
definition. We remove from it its arbitrary character, and make it general, 
when we deal with bodies like pumice, for example. 

Familiar as men have always been with the phenomena of combustion, a 
true conception of its nature has only been arrived at within a very modem 
date, and oy careful observation and experiment. Up to the latter part of 
the 18th century, what was known as the phlogistic tneory of combustion, 
which took its nse 100 years earlier, was regarded as a sufficient explanation 
of the phenomena which were seen to occur. This theory, like many other 
erroneous theories which have held sway in the minds of men for a long 
period, died a very hard death. Generally speaking, the theory was this : 
The philosophers of that date believed that a combustible substance was 
made up of a material body, which they termed phlogiston, and of a second 
material substance which was left behind after the combustion had taken 
place. For example, they saw that wood burned, leaving a very small 
quantity of ash, and they said the wood had in burning lost the phlogiston, 
and the ash was left. The wood originally consisted of a compound of 
phlogiston with this ash. They saw again when a piece of metal was 
exposed to the air it was rusted, or when it was put into the fire it burned 
and left behind a kind of earth or calx, and they explained the fact by 
saying that the metal originally consisted of phlogiston, which it had lost 
during the process, and this calx or earth which it left behind. Now , 
much of this imperfect theory arose from the want of Imowledge of the 
nature of air, and of the part which air takes in l^e support of all our 
ordinary combustions. They did not recognize the inter-dependence 
which exists between what we call combustibles and what we call sup- 
porters of combustion ; and consequently, as soon as this was demon- 
strated by Lavoisier, then the phlogistic theory was doomed, the old 
philosophy was upset, and a newer and better, because a more true one, 
took its place. The principles upon which we now explain ordinary com- 
bustion at the present day are briefly these — ^that, finit, in any chemical 
action, whether accompamed by the evolution of light or not, the sum of 
the weights of the bodies taking part in that action remains unaltered. 

This IS so important a matter that, with your permission, I shall illus- 
trate it; for, although we acknowledge these facts constantiy, sometimes if 
they are brought before us in the shape of a lucid experiment the matter 
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is thereby denched in onr memory, and we are no lonffer in any manner of 
doubt about it. Here I have a common oil flask which ia capable of being 
closed with a sound tightly-fitting cork. I introduce into it a small piece 
of phosphorus. Phosphorus is kept under the surface of water on 
account of its inflammability. Therefore I dry it first in folds of blotting- 
paper; then I introduce it mto the flask, and put the cork in as tightly as 
I dare without cracking the neck of the glass. Now I place this pnos- 

Shorus and glass on a balance, which I bring into equilibrium. Taking the 
ask away and setting fire to the piece of phosphorus, it bums. There is 
an intense chemical action going on, the phosporus bums within the 
flask, and finally it will go out. When it has got cool I shall replace it on the 
balance, and I want you to observe that there has been no change whatever 
in the weight. It will now wei§[h precisely what it did before, showing that 
there has been no loss or gain in the weight. Therefore, in any chemical 
action, if we take into account the weight of the combustible and the body 
supporting combustion, it will be always the same amount. If I try ft 
before it is quite cold, it will weigh lighter^ but on allowing it to cool, and 
putting it into the balance, I thmk you will find if the cork is tight the 
equilibrium has not been destroyed. This is an exceedingly important 
experiment, and it is one of the kind which determined the abolition of 
the phlogistic theory. 

Tne second point is, that the combustion is the evidence of a chemical 
action taking place between two or more bodies, the presence of each of which 
is necessary. The combustion of a piece of wood, for example, does not 
depend on the wood alone, but also upon something which can act upon 
the wood, and with which the wood can combine. In any case, we must 
have two or more substances before we get any chemical action or any 
combustion. The chemical action depends upon something beside the 
mere combustible, as may be shown by an experiment which has been 
constantly made, and which can be made at any moment one wishes. If 
I take a candle and cover it with a jar, you will see in a very short time 
that the candle goes out. Why ? iTot because there is no candle there ; 
there is plenty of combustible matter, but the second substance, the 
oxygen of the air, which is necessary to the support of that candle name, 
has Deen exhausted. Therefore, the process of combustion is an inter- 
dependent process, and depends as much on the supporter of combustion as 
on^fche combustible itself. Li fact, our combustibles and supporters of com- 
bustion of to-day are, so to speak, simply accidental ones. The process of 
combustion goes on simply at the limit, the line of demarcation, where the 
two bodies which act upon each other come into contact, and it depends 
upon which of them is in excess, ^which of them for the time oeing 
becomes the supporter of combustion, or is the combustible itself. If we 
have air in excess, then air becomes our supporter of combustion. If, on the 
other hand, we had an atmosphere of coal gas, the bodies which we now call 
combustible would cease to bum in it, and we should have to look to those 
bodies which at the present time we call supporters of combustion in 
order to get any illumination at all. Now, I can show this relation- 
ship between supporters of combustion and combustibles themselves in 
two or three ways. I take here, first of all, a jet of hydrogen gas burning 
at the end of tnis tube. I introduce this into a bottle which contains 
oxygen gas. The hydrogen continues to bum, and bums with rather 
increased brilliancy m the bottle of oxygen gas. It is an ordinary case of 
a combustible and supporter of combustion. Now I propose to reverse 
the matter entirely, and to bum a jet of oxygen in an atmosphere of 
hydrogen. Here I have a vessel of nydrogen gas, and coming through 
this tube I have a let of oxygen. The oxygen gas will not bum, as I can 
show you, by holding a hgnt to it ; it causes the taper to buTn more 
brilliantly, but I cannot set fire to the gas itself. Here, then, in this 
hydrogen I have a substance which a moment ago was burning itself. 
If I take it and set a li^ht to the gas, and introduce the oxygen let 
into the atmosphere of hydrogen, the oxygen bums with a consiaeraSle 
amount of brilliancy. We have, therefore, simply reversed our usual 
process. Why has this been the case? Because we have, in the 
first case, a large excess of oxygen and a small quantity of hydrogen, 
and in the latter case a large quantity of hydrogen and a small quantity 
of oxygen. All our ordinary gas names bum, as you are aware, 
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in air; but we can, if we simply make a foitable anangemaai, 
cauBe air to bum in an atmospbere of coal gas. Here is an apparatus 
arranged for tbis purpose. Into the base of this glass vessel sonia coal 
gas is condncted. Through the centre of the cork there passes a tube, 
which is in free communication with the external air. I can put up 
through the oork this taper. Through the glass tube I am conveying 
coal gas, and in the ordinary way I can set fire to the coal gas m 
the top. where it bums. But we have now going in through the open 
tube a little jet of air, and I can set fire to that air within the atmo- 
sphere of coal gas. I have simjply surrounded the flame of air with a coil 
of platinum wire, in order that it may be more obvious at a distance. The 
4ame bums with a non-luminous flame, very much like that of a Bunsea 
burner, but by surrounding it with a small coil of platinum wire, you can 
see the heat produced by tne flame. 

First we have, then, the non-alteration of weight; secondly, the re- 
lation between the combustible and the supporter of combustion; and, 
thirdly, we find that the weight of the products formed is greater--^ 
rather, I should say, the weighf of the products which are formed is a 
larger one than the weight of the original substance which is burning. 
If we bum a pound oi candles, and weigh the products which are ob- 
tained, we get an increase of weight. We do not ordinarily see this. 
The candles disappear, oil, coal, and ooal gas disappear ; but it is because 
we have not arranged the circumstances in such a way that we can see the 
fact. An experiment will be fitted up with this balance, in which you shall 
see that such is the case. A flame oi a candle is made to bum in this vessel. 
The products of combustion are passed through this tube, and through the 
little globe which you see filled with fragments of a white substance, and 
finally up through the glass chimney. The white substance is placed here 
with a view to retaining and absorbmg the products of the combustion of 
the flame which we have here. If we hang this on the balance, I think 
you will find that, although the combustible gets less and less in volume, 
and, consequently, in weight, that the whole apparatus gets heavier and 
heavier, because the combustible, pUu the body which unites with it, is 
of ^[reater weight than the combustible alone. We will first make the 
weight-pan slightiy heavier, and you will see, long before the lecture in 
concluded, that the balance will have turned. 

The nature of the products which we obtain from combustion varies. 
They may be either solid, liquid, or gaseous ; and I h.*ve now, in going on 
witii my story, to call your attention to the composition of the substances 
which we usualljr utilize for illuminating purposes, because it will depend 
upon the composition of these bodies what is the nature of the product or 
products which we obtain. These bodies consist essentially, all of them, 
without exception — all ordinary bodies used for illuminating purposes in 
which chemical action occurs — of compounds of carbon and hydrogen. A 
few of them, and only a few of them, contain oxygen, and the presence el 
other elements is rare, and may be regarded, so far as our present purpos* 
is concerned, as accidental. Atmospheric air is the universal supporter oi 
combustion for all ordinary processes of this nature ; the air which we 
have to breathe, which exists as a mantie around the whole globe, 
forms the supporter of combustion for all such bodies. We should 
therefore expect that the products of any ordinary combustion would be 
compounds formed between the substances entering into the composition 
of the combustible matter and the constituents, either one or more, of 
atmospheric air. I have here a table representing the composition of air, 
both by volume and by weight : — 

Composition of Atmospheric Air. 

Volume. Weight. 

Nitrogen 79*19 . . 76*99 

Oxygen 20-81 . . 28*01 

Total 100*00 . . 10000 

Aqueous va]peur (average) . . . 1*40 . . 0*87 

Carbonic acid 0*04 . . 0*06 

Ammonia about one part per million. 
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The air miky be regarded as a mixture of nitrogen and ozvgen, in the 
proportion, in round numbers, ol one-filth of oxygen and lour-nfthe of 
nitrogen. But all ordinary air, the air which we find wherever we go, 
either at the top of a mountain or down in a valley, is always found to 
contain other bodies, and these bodies, some of them, are written here. 
Aqueous vapour is always present, carbonic acid also is always pre- 
sent in about this quantity — not invariably so, but very near it — ^and 
ammonia, which is rather more variable. Now, of the two principal 
substances, this nitrogen is an exceedingly inert substance. It is 
with the greatest difficulty that it can be brought into union witii 
other bodies directly, and m all processes of ordinary combustion the 
nitrogen remains entirely imaoted upon. It takes no part whatever in 
such processes. On the other hand, the oxygen is an exceedingly 
energetic supporter of chemical action, and it is mainly — ^in fact, entirely 
by virtue of this oxygen, which occurs in air, that air possesses its 

Sroperty of supi>orting combustion. Hence we should look for the ^ro- 
ucts of combustion to be compounds of the constituents of the combustible 
body with this substance — oxygen gas. Now such is, in fact, the case. The 
bodies which bum in an excess of air, as a general rule, form those com- 
pounds which contain the largest proportion of oxygen with which thev can 
unite. The carbon which exists in all our ordinary fuels bums to carbonic 
acid, which is the compound of carbon and oxyffen containing the largest 
proportion of carbon. The hydrogen in our illmninating fuels bums to 
form water, and water contains the highest amount of oxygen which we oan 
unite with hydrogen under ordinary circumstances. Now the quantitiei 
of the products which we can form will depend on the weight of carbon 
and hyorojg^en which can be consumed in a given time. There is no loss 
whatever in these weights. Therefore the weights wiU be directly propor- 
tionate to the amounts which we are able to consume. If we take 1 lb. of 
carbon, it will unite with 2'6 lbs. of oxygen, and will^ therefore, form 8*6 lbs. 
of carbonic add ^as ; 1 lb. of hydrogen will unite with 8 lbs. of oxygen, and 
will form therewith 9 lbs. of water. Now these quantities of oxygen will 
be found in the following quantities of air. Air consists of about one-fifth 
of its volume of oxygen, and the 2*6 lbs. of oxygen which are required for 
the combustion of 1 lb. of carbon, will be found in 11*6 lbs. of air, or 160 
cubic feet. In other words, 1 lb. of carbon will require all the oxygen 
contained in 160 cubic feet. The 8 lbs. of oxygen ret^uired to bum 1 lb. of 
hydrogen are contained in 34*8 lbs. of air, or 462 cubic feet — ^that is to say, 
there will be required for the combustion of 1 lb. of hydrogen the amount ot 
oxygen contained in 462 cubic feet. 

With these remarks I may go on at once to the consideration of the 
combustion of four of our pnncipal illuminating fuels. Two of them I 
shall deal with a little in detail ; and, with regard to the others, I shall 
give you the position which they occupy relatively to the other two. These 
four will be — ^first, sperm in the form of candles ; second, sperm or colza 
oil; third, paraffin oil; and, fourth, coal gas. In spermaceti we have a 
compound of carbon, hydrogen, and oxygen. One pound of spermaceti 
contains *8 of carbon, '13 of hydrogen, and '06 of oxygen. If we bum a 
sperm candle at the rate of 120 grains per hour, the candle will give, per 
hour, '41 of a cubic foot of carbonic acid— not quite half a foot. If we 
take 16 candles burning for an hour, 6*6 cubic feet of carbonic acid are 
the product of the burning of the carbon contained in this quantity of 
spermaceti. If we consider the hydrogen which is contained in spermaceti, 
and regard the amount of water wnich is formed, we shall find thai 
120 grains of spermaceti burnt as in an ordinary candle will give 146 grains 
of ^vaten 16 candles in one hour will give about 2320 grains, or 4^ oz. of 
water. To put it in another way — a sperm candle, which may be regarded 
as weighing about 2f oz., will give in its combustion 3^ oz. of water. This 
water will remain suspended in the air as aqueous vapour until the air is 
saturated. The amount of water which can be suspended in ordinary air 
is a question of temperature, and the amount becomes greater as the tem- 
perature is higher. But when the limit is reached, when the air contains 
as much water as it can take up at a given temperature, any further 
qiuuititj must be deposited. • 

If we pass from candles to sperm oil, we find that colza oil and 
sperm oil, in respect of the amounts of carbonic acid and of water whioh 



72 

they give, li^ht for light, will be abont e^nal. Paraffin oil ifl intermediate ; 
it does not give off so much carbonic acid as do candles, but it gives on 
more, light for H^ht, than coal gas. So also with the amount of water. 
The order in which these combostibles vitiate the atmosphere may be 
taken, as regards carbonic acid and water, thns : Light for light, coal gas, 
the lowest, represented by 1; paraffin oil, the next, 1*5; sperm candles, 
the worst, represented by 2 — ^that is to say, the amount of carbonic acid 
and water given off by the combustion of sperm candles, light for light, 
compared with gas, would be about twice as much as that of coal gas. 

Now, for coal gas itself. If you take a specimen of coal gas whi^ has a 
specific gravity one half that of air, or '5, a cubic foot of such gas contains 
about heuf its weight of carbon : and, if this cubic foot of gas oe burnt, it 
will give a little more than half a cubic foot of carbonic acid. The precise 
number is *65, or, in weight, 488 |prains. With regard to the hydrogen, a 
cubic foot of coal gas, ox '5 specific ^^vily, contains about 41 grams of 
hydrogen, and this hydrogen in burning will produce 372 ^prains of water. 
If we regard the quantity of air necessary to supply the requisite quantity of 
oa^^en to a cubic foot of gas, it lies between 6 and 6 feet of air. For every 
cubic foot of gas burnt, we require the entire o^gen of between 5 and 
6 cubic feet of air, and this will give half a cubic mot of carbonic acid as a 
result. If we compare this with the amount of carbonic acid given off by 
respiration, we obtain the following relation : If 5 cubic feet of gas are burnt 
in one hour, we get from them 2'7 feet or rather more, carbonic acid. If an 
adult human being breathes for the same period of time he exhales with 
his breath about *7 cubic foot of carbonic acid, about one-fourth of that given 
off by a gas-burner burning 5 cubic feet of gas. Now the quantities of 
carbonic acid and water given off by one cubic foot, or even 5 cubic feet, 
appear relatively small ; but, if we come to deal with the quantity of gas 
used, say, in London annually, the amounts are somewhat astonishmg — ^the 
figures are really startling. The quantity of gas consumed in London 
annually may be taken approximately, at present, at about 15 millions of 
cubic feet. The amount of carbonic acid given off during a year by the 
combustion of those 15 millions of cubic feet amounts to 433,000 tons. 
That quantity is discharged into the atmosphere by the combustion of 
the coal gas consumed in London, an amount which contains as much 
carbon as would be found in the wood growing in a forest of considerable 
dimensions. The amount of water produced by the combustion of this 
quantity of coal gas is 360,000 tons, or 80 miUion gallons. You will 
have on Thursday, I believe, an opportunity of seeing one of the largest, 
if not the largest gasholder-tank m London,' at the Phcenix works at 
Kennington. That gasholder-tank, supposing it had no internal cone, 
and were perfectly flat at the bottom, would hold — Mr. WoodaU, your 
President, was good enough to calculate the figure for me — ^10 million gal- 
lons of water, if filled to the brim. You might empty that tank and fill 
it eight times over in a year with the water produced by the burning of 
the coal gas consumed in the Metropolis durmg that time. 

Now we have to consider the effect of these results upon the vitiation of 
the atmosphere. The amount of carbonic acid in the air, ordinary normal 
air, is '04 per cent. ; in other words, 4 volumes of carbonic acid are con- 
tained in 10,000 volumes of air. Now, if we increase this proportion to '06, 
we arrive at what may be set down as the healthy limit, and we ought not 
t9 go beyond it ; in other words, 6 volumes of carbonic acid in 10,000 of air. 
As a matter of fact, even in our best buildings it is found under present 
circumstances almost impossible to keep the carbonic acid even as low as 
that, and for the purpose of calculation I am going to take as much as '1. 
Now, •! per cent., or 10 volumes in 10,000 cubic feet, means this— that you 
may introduce into 10,000 cubic feet of air the difference between 4 cubic 
feet and 10 cubic feet before you arrive at this amount of vitiation. In 
other words, you may discharge into 10,000 cubic feet of air 6 cubic feet of 
carbonic acid. You then reach the limit, which, as I say, is really beyond 
a healthy limit ; for an atmosphere containing *! of carbonic acid is a bad 
atmosphere, and anything beyond it is excessively bad. 

Now 5 cubic feet of gas burnt will give off 2*75 cubic feet of carbonic 
acid, 4ind the amount of air into which this amount of carbonic acid may 
be discharged, in order not to exceed the limit of '1 per cent., will be 
4600 cubic net; in other words, for the combustion of 5 cubic feet of gas we 
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require the special use of 4600 onbio feet of air, sapposiiig the air is not 
changed. One adult human being discharges by respiration *7 cubic foot of 
carbonic acid per hour, and the quantity of air which he will require the 
use of, in order not to exceed the limit of '1 per cent., will be 1166 feet. 
So that if we start with a room of 5660 cubic feet capacity, then we 
may allow a gas-burner to consume 5 feet of gas in that space, and an 
adult human being to breathe for one hour, before we reach tiie limit. 
But when we have once reached that point, where all the air is so far 
vitiated, it must either be renewed entirely or the vitiating influence 
must be put an end to. 

Now take the room in which we are assembled. This large room con- 
tains, in round numbers, 60,000 cubic feet of air. The external air may 
be taken to have the normal amount of carbonic acid in it of *04. We may, 
then, vitiate with impunity, that is without passing beyond this limit of *1 
per cent, of carbonic acid, up to that extent. Thus we may introduce 
into this room 36 cubic feet of carbonic acid before we shaU reach the 
limit of *1 per cent., supposing the air in the room not to be changed. Now, 
if 10 gas-burners, each ouming 5 cubic feet of gas, were burnt in this room 
for one hour, and 10 men remained in the room for the same period, these 
86 cubic feet would be given off ; in other words, 10 gas-burners burning 
6 cubic feet each, and 10 men breathing for an hour, would brinff up the 
proportion of carbonic acid in this room to *1 per cent, or outside tae limit 
of anything which can be conceived to be a healthy state of things. Now 
it is not at all an unusual circumstance for 25 gas-burners and for 100 men, 
as we are to-night, to be assembled in sucn a room, and if we tiUce 
these figures, we shall require for combustion the use of 112,500 cubic feet 
per hour, and for respiration 116,500 cubic feet — ^both together being 
229,000 cubic feet of air required for these purposes alone — ^in order 
that we shall not exceed that limit. In other words, the entire 
contents of this room must be changed four times in the hour to keep 
down the proportion of carbonic acid to the limit of *1 per cent., or 
169,000 cubic feet of air must pass into and out of the room every hour in 
order that this shall not be the case. Now any current of air that travels 
at the rate of more than 16 inches per second is a draught; and it is 
obvious, from this fact, that the air in this room cannot be changed by any 
such forcible means. Direct currents of incoming and outgoing air do not, 
by any means, represent the amount of change going on. There is a 
process of diffusion taking place constantly through tiie walls and the 
ceiling and floors of our dwellings, and this process, although not recog- 
nized, and although continuing its action in silence, is an exceedin^ty 
important one, and is really a saving process for us who have to hve 
occasionally in rooms not artificially ventilated. The process of diffusion 
may be stated to consist in the tendency which all gases have to become 
intimately and permanently mixed; and the process goes on through porous 
substfmces, and through other substances which we do not usually regard 
as porous. I may illustrate the matter to you by a very simple experiment. 
I have here a tube closed at the upper end by a block of gypsum or plaster 
of Paris a little more than a quarter of an inch thick, and this glass tube 
is in communication with this upper receiver. I shall fill the tube with 
hydrogen gas, and I will place the lower end under the surface of some 
coloured water. The inner part of the tube will be filled with hydrogen, 
outside will be air. The hydrogen will diffuse or tend to pass through tiie 
pores of the plug into the surrounding air, but the hydrogen wiU pass 
through faster than the air enters, and the consequence wm be that a reduc- 
tion of pressure will be caused inside the tube. If this be so, the column 
of water will rise, which will show you the effect. It is now filled with 
hydrogen gas; I immerse it in the coloured water ; we will leave it for a 
few moments, when you will find the coloured water will rise in the tube. 
This means that there must be less pressure inside the tube than there 
is on the surface of the water; and this is due to the fact that the hydro^n 
is escaping through the pores of the plug faster than the air is entermg. 
This is an illustration of the same process that is going on through our 
walls and ceilings. 

Now the rate of diffusion varies inversely as the square root of the 
density. Its rate is dependent, therefore, on the density^ so that any 
means by which we can alter the density of our air or gas will produce an 
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aileot oA its diffusion. If you have two gams, one on one side of tiie Mitas 
plug, and one on the other, the greater the difference in the density* the 
greater will be the speed of diffusion. Now there are two things whieh 
tend to alter the density of air within our buildings ; those two are-*first, 
an alteration in the composition which takes place in the ait; and, 
secondly, the elevation of the temperature. Now the alteration in the 
composition comes from the discharge into air of water and of earbonio 
add; but the slteration is small, and may, as far as regards its influence 
or diffusion, be neglected. The elevation of temperature comes from tiie 
heat of our combustible fuels, and also from the heat of our bodies, and 
the preater the difference of temperature which we can get between the 
air inside and out, the greater will be the speed of this diffusion. Bui 
we shall find that as the rate of diffusion does not increase proportionately 
to the vitiation, we shall gradually overtake the rate at which it is takinff 
place. Gonsequentlv we shall, after a short time, arrive at a limit beyond 
which the process of diffusion will be unable to help us, and from which 
point we shall begin to vitiate our air more and more. The heating 
effect of gas and of sperm oil is about equal, light for light ; the heatine 
effect of paraffin oil and candles is about the same, but greater than cou 

fas and sperm oil. Of the materials which can be classed as ordinary 
oilding materials, those which permit the diffusion to go on most rapidly 
are : First, the material which is occasionally used, I am afraid, in the 
building of some of the houses in the suburbs — I refer to dried mud. That 
is a substance through which diffusion takes place with the greatest ease, 
much greater than through ordinary bricks or stones. Next to mud come 
bricks. Bricks allow diffusion to go on with a very considerable amount 
of rapidity and ease, almost as easily — easier in some cases— than through 
this ^lug of gypsum. You can see the ease with which the hydrogen 
finds its way through by the height to which the water has risen, repre^ 
senting 16 or 18 inches water pressure. Next to brick we have limestone. 
And, lastiy, sandstone. This is the order in which ^ou can take buildine 
materials. I would state here that, in my opinion, it is high time that 
architects and builders should be called upon to recognize that it is abso- 
lutely ]|^ecessary to ventilate not only large buildings, but every room in 
a house in which persons may have to remain for some time, more espe- 
cially those in which artificial illumination is used. If it were not for this 
process of diffusion, the matter would long ago have become imperative, 
because there would hardly be a room in which, after a littie time, it would 
be possible to live ; but so long as this condition is not arrived at, all 
concerned seem willing to aUow things to remain much as they are. 

The process of diffusion, although it has been a saving element in this 
matter, has been, at the same time, rather a snare, because when we lose its 
influence we find it becomes absolutely imperative to ^et air in some other 
way. When we descend a coal mine, we have no diffusion whatever to help 
us, and all the air which is required there for the respiration of men em- 
ployed, and for the combustion of their illuminating fuels, must be sent 
directiy down the shaft ; and what is the consequence ? that an enormous 
quantity is found to be required, much more than is conceived to be 
necessary on the surface — much more than is necessary, in fact. As 
much, in some of the northern pits, as 350,000 cubic feet of air is sent 
down per minute. This is needed, because they are not able to rely upon 
any other source below. 

The air of a room cannot be conveniently changed more frequentiy than 
from three to four times i>er hour, and it should be seen always tiiat the 
vitiating influence is not in excess of this rate of diffusion. Further, the op- 
pressiveness of a room, the effect which it has of producing headache and 
nausea, is not due only to the presence of carbonic acid and moisture. You 
may go into a soda-water manufactory, in which there is a very much larger 
amount of carbonic acid in the air than in any of our rooms which are 
even imperfectly ventilated, and you do not suffer in the same way as you do 
from remaining in an ordinary ill-ventilated room. The reason of thai 
greater oppressiveness of our rooms is due to the presence, I think, of 
organic matter. Now, this organic matter is exhaled in the breath, and 
is given off by all our illuminating fuels ; and it is this organic matter in 
the air which produces the feeling of depression which we all feel on 
remaining for some time in a room which is ill-ventiUted. The am«!mi el 
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QBlbanit eaitK>n prodnets giTen off hv ooaI gas, for ezftmplA, is very large, 
ABd it U Tery probable that those burners which give out the greatest 
ameont of light really give out the greatest amount of nnbnmt oarboai 
prednots into the air. The amount of organic matter in the air will 
be proportionate to the amount of carbonic acid discharged either by 
respiration or oombustion, and hence it may fairly be taken as a measure 
of the badness of the air. 

I have pnrposely omitted, up to this point, all mention of the sulphur 
whieh ooal gas contains, and which, as an illuminating agent, is peculiar 
i^ this respect. I propose, with your permission, to detain you a few 
moments, while I deal with the subject of sulphur in coal gas. m any con- 
siderations of the vitiation of air by the products of the combustion ox coal 
gas, titiis sulphur must be taken into account. It occurs in the gas, in some 
form of combination, as most of you know, I apprehend, in some ol^er form 
than of sulphuretted hydrogen. Undoubtedly, some part of it occurs there 
as bisulphide of carbon ; but I do not think, by any means, that the amount 
of bisulphide of carbon aooounts for the whole of the siUphur. In some 
eases, I oelieve, it accounts for a veiy small portion of ft. But whatever 
form the sulphur may be in, when the gas is burnt, that sulphur bums 
into sulphurous aoid. There is a very considerable difference of opinion 
as to the precise state in which the sulphur is introduced into the air, 
some gentlemen affirming that it is sulphurous add, others that it is 
immediately oxidised to sulphuric aoid, and some, indeed, maintain that 
sulphuric aoid is the product of the combustion of sulphur when it is burnt 
at &e same time with hydrogen ; that is to say, that when water is formed 
at the same time, sulphuric acid results, and not sulphurous acid. My own 
decided opinion is that the sulphur is at first all burnt to sulphurous aoid, 
that then a certain portion of this sulphurous acid is oxidued into sul- 

fhuric acid, and that the amount so oxidised depends upon circumstances; 
ut that, given a sufficient length of time, the whole of the sulphurous 
acid will be oxidized into sulphuric acid. Now as to the circumstances. 
If the sulphurous acid is kept hot in the presence of moisture, then 
oxidization goes on more rapidly ; if it be cooled down almost immediately 
after it is formed, the action is very sloWj and within any reasonable time 
it will be found impossible to entirely oxidize the whole of the sulphurous 
acid into sulphuric acid. Then, secondly, if the sulphurous acid meets 
with a base or with an easily-oxidizable substance with which it can 
unite, it undergoes oxidization much more readily than if it remains in 
the state of free aoid. There is no doubt that metal fittings, if used in 
contact with the products of combustion from coal gas, do beoome corroded 
with sulphuric acid. Here is some sulphate of zinc, which I myself obtained 
by burning London coal gas under a small zinc hood. You can also obtain 
sulphate of copper by burning coal gas, as most of us chemists know, 
under the surface of a copper water-bath. There is no doubt whatever of 
this, but then we are dealing with this circumstance which I have 
mentioned ; we have an easily-oxidizable substance present, a body which 
can unite with sulphurous acid and form a salt, and, under these 
circumstances, oxidation goes on very much more readily than otherwise. 
Thirdly, if sulphurous aoid, water, and air be absorbed into a porous 
body, then oxidation goes on more rapidly, because the air and the sul- 
phurous acid and the water are brought into closer contact, and I believe 
'this is why leather bindings and leather goods generally are always 
brought so prominently to the front, with regard to the matter of con- 
tamination by the combustion of the sulphur compounds in coal gas. It 
is due to the fact that you are dealing with a very porous substance, 
and the same thing being repeated again and again, you do in time 
get a certain amount of damage produced; but that this damage is 
anything like what is generally represented, I beg leave very much 
to doubt. From my own eneriments, I believe that, under ordinary 
circumstances, considerably less than one-half of the sulphurous acid 
produced by the combustion of coal gas is oxidized in any reasonable 
time into sulphurio aoid, and in this I am supported by several 
gentlemen, who, not being oonnected with the coal gas industiy, are, 
nevertheless, thoroughly acquainted with the behaviour of sulphurous 
add when used in the manufacture of alkali. 
With regard to the question of sulphur in gas. You remember we 
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oonduded a short time ago that the air of a room mntt be oonBtantly 
changed, or we coTild not exist, and that the change must be going on 
several times in each hour; the whole atmosphere must be changed gene- 
rally more than three times in each hour. Now, supposing solphnr is 
bnmed into sulphnroiis acid, and that it exists for eyen a part of an hoar 
as snch in the air nncondensed, it will come under the ventilating 
effect, and will nndergo removal just in the same way as the aqueous 
vapour or the carbonic add present in the air. If one-half of the sulphur 
remains in the gaseous condition for only one hour, it will be entirely 
removed within tnat period. I believe most of the ordinary effects whicn 
are attributed to the presefice of sulphur in coal gas, and the damage that it 
does, are quite easily accounted for by other things. I believe the constant 
drying ana wetting, coupled with the elevation of temperature, and the 
presence of carbomc acid — effects which result from all illuminating fuels 
alike — are quite competent to account for the greater amount of the damage 
which is represented as being solely due to the presence of sulphur. 
If we regard the absolute quantity, the figures become exceedingly mmute, 
even if you hav#20 grains of sulphur in 100 feet of gas. Supposing it to 
exist in the form of bisulphide of carbon, here is such a quantity of bisul- 
phide containing 20 grains of sulphur. The quantity in this little tube, 
about an inch of it, represents 20 grains of sulphur, or the amount which 
we may take as being present in 100 cubic feet of our London gas. Now, I 
could, if I had time. Bum the whole of this quantity at once, and you would 
have all the sulphurous acid from it discharged into the air, and ^lat would 
represent the sulphurous acid from 100 cubic feet, but I believe it would be 
impossible for you to find out the sulphurous acid, although it is there. 
Undoubtedly it is there, but it is diluted to such an extent that you could 
not find it by any ordinary test. If 20 grains of sulphur bum, they form 
40 grains of sulpnurous acid; a cubic foot of sulphurous acid would wei^h 
U^ grains. Now the thirtieth part of a cubic foot of sulphurous acid 
is produced by 20 grains of sulphur, or the amount in 100 cubic feet of gas, 
and I may say that such a quantity in this room, supposing the room to 
contain approximately 60,000 cubic feet, would be represented by the block 
I hold in my hand, about 3f inch cube, and which, if diffused through the 
entire room, would amount to about one-half part per million in volume, or 
about '000001 per cent, in weight. If a proper arrangement were adopted to 
carry off the products of combustion, there would be no more complaints 
of sulphurous acid, and I believe that proper care ought always to 
be taken that coal gas ought not to be burnt, in anything like quantity^ 
without such arrangements bein^ adopted. If this were done, all danger 
from damage by sulphur, even if it existed in fi;reater quantity than it 
does, would be at an end, but I expect, it would be found, supposing ^rou 
could find out how to take the whole of the sulphur out, the complaint 
of the damaging effects would continue for some time just the same.^ 

I may say, with regard to the per centage, it has been found that in the 
Manchester atmosphere, over a range of four miles, the amount of 
sulphur present normally in the air would be about e^ual to the quantity 
which would be formed in this room by the presence in it of this amount 
of sulphurous acid ; consequently, the whole atmosphere of that town we 
should expect to be doing damage by sulphur. If we regard the amount 
of coal burnt here in London, 8,000,000 tons per annum, and if we take that 
coal to contain 1 per cent, of sulphur which is burnt — ^whether in the form 
in which you sena it into houses in gas, or in furnaces, or in grates, it is 
burnt in some way — ^and which is a low average, we shall have 80,000 tons of 
sulphur thrown mto tiie air in the form of sulphurous acid, and if that is 
calculated into oil of vitriol, it will amount in one year to 240,000 tons of oil of 
vitriol sent into the atmosphere of London alone by the combustion of coal. 

Now, gentlemen, I have to bring these remarks to a close. Engineers of 
gas-works are, by their knowledge and skill, constantly being called upon 
to deal with problems which are ever increasing in variety and breadth 
and I do not think this tendency will cease until, not only is the gas produced 
and distributed in the best possible manner, but such means adopted 
as will produce the greatest effect with the least possible inconvenience. 

The Pbesipbnt proposed a vote of thanks to Mr. Wills for his interesting 
and instructive lecture, which was carried unanimously. 
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SOME OF THE OBSTACLES BY WHICH THE 
APPLICATION OF GAS FOR HEATING PURPOSES IS 

RETARDED. 
By Mr. T. Tbavebs (Cork). 

In the papers presented to this Association it is natnral to expect some 
original matter. To the credit of the members, a considerable amonnt of 
it has been famished from time to time ; bnt, in the present instance, the 
writer fears, not only will the lack of it be conspicuous, but he feels his 
difficulty increased when, on looking over the Transactions of the Society, 
he finds that the subject of gas for heating fmrposes has been treated of 
by some of the ablest of the members. Notwithstanding this, he believes 
it to be of such importance that an opportunity for again discussing it 
should not be allowed to pass by. 

Whether we consider, either from a scientific or an economical point of 
view, the advantaffes to be gained by the use of combustible gas for fuel, 
as compared with heat produced from solid material, we must consider it 
to be a matter of some surprise that more attention is not directed to it, 
and that ^ater efforts are not made to bring it into general use. 

That tms subject is of no small moment to the pubuc at large must be 
seen from the consideration of the great extent to which the production of 
heat enters into the necessities of every-day life. Besides the quantity of 
material which is usefully employed, an amount which may seem fabulous 
to many is annually wasted of that product, and the article thus wasted is 
that which has tended more than any other to make this country pre- 
eminent, in a manufacturing point of view. 

If I say that in the production of heat from coal, as it is generally used, 
there is a loss of 40 per cent, of its thermal value, I am giving a very low 
estimate indeed ; yet even this will represent some millions oi tons in the 
year wasted in the following ways :-~By imperfect combustion, by the 
escape of volatile gases, and by cinders. So that not only in the volumes 
of smoke which are to be seen hourly forming daxk clouds over our 
thickly-populated towns, but in the invisible gases possessing high calorific 
power, and which are being constantly emitted from every chminey, you 
nave a perpetual waste of power. Even in the ddbria which in cartioads is 
removed from our refuse-pits we suffer another loss, from all of which a 
gaseous fuel would be perfectiy free ; and this waste, it must be remarked, 
is going on at a time when the utilization of power now going to waste is 
daily becoming more important; for, by the measure of our success in this 
respect will we be able to hold our own in the competition now going on 
among industrial nations. 

In our time we have made wonderful strides in other respects. An 
artizan can now travel from one end of the land to the other at a speed, 
and in a style and manner, that the nobility could not command hidf a 
century ago. A monarch would have freely given a portion of his king- 
dom for the power which the electric telegraph now-a-days places within 
the easy reach of every man. Then look at the water supply to be found 
in abundance and purity, not only in every house, but in every room, 
if required; thus rendering obsolete the rude pump and the draw-well, 
which, in times gone by, were frequently the pestilential sources of disease. 
Yet, in one respect, we remain comparatively unchimged — ^that is in the 
poroduction of neat. Our forefathers— to go back to a very long period 
since— made fires on the same principle as we do. YHien heat is required 
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in onr parlours or drawing-rooms, we have, so to speak, to make it there; 
and this very rude and by no means clean process must be carried on at 
the expense of damage, more or less, to the riimitare and decorations. 

If, in addition to the waste, we add the labour and time lost in the pro- 
duction of fuel from solid material, we have another, and a not unimpor- 
tant, item of loss. 

That the present system of producing heat should be discontinued is 
not only in accordance with the spirit of the age, but we as a body are 
interested in the success of the change. 

On the one hand, it is satisfactory to note that efforts are being made 
every day to alter this state of things ; on the other, as they have not 
met with a success in proportion to the importance of the undertaking, it 
is reasonable to conclude that there are some obstacles in the way ; if so, 
an inquiry into them ought to lead to a good result. 

Unquestionably, there exists a wide-spread prejudice against the use of 
gas for cooking. In nine cases out of ten, when you speak of it, you are 
met with an almost stereotyped observation : '' It is xmwholesome, it con- 
taminates the viands;" and this idea prevails very much among the 
ladies, particularly that portion of them who may be said to rule the 
roast, and it is no easy matter to eradicate it. However, we feel it is not 
a difficulty of so serious a character but that it may be got over by time, 
perseverance, and a few practical experiments. Cff this we have nad an 
illustration in Cork during the present year. 

A lady from South Kensington was engaged to give lectures on cookery. 
Previously to her arrival we were making efforts to introduce cooking by 
gas, but were met with the usual remark as to its poisonous character, &e. 
When the arrangements were being made for the lectures, W6 applied 
to the Committee, and offered to supply a range and gas free of oost. At 
first this was declined, and some of the ladies rejoiced at their supposed 
escape from the horrible gas. On the arrival of the lady lecturer, she was 
made acquainted with the gas company's offer, which she immediately 
accepted, and put aside the coal range. In order to have satisfactory evi- 
dence of the working of the apparatus, we laid a special service, fiked a 
meter with a pressure-gauge attached, enabling us, therefore, to make 
observations during the month which the lectures and demonstrations 
occupied. 

I may tell you that there was an ample supply for aU purposes at 6'10th8 
pressure. 

There was no remark made on the so-called contamination of the viands. 
They were all prepared in the presence of the ladies who attended ^e 
lectures, and the numbers were verj large. There could be mistake as to 
the modvs operandi^ and the obnoxious (?) gas was used in the preparation 
of every one of the dishes. The ladies were not only satisfied, but sur- 
prised, and, in justice to them, I must say that in many instances they 
took practical steps to convince the doubting gentlemen at home. But 
one lady, forsooth, was found to understand the reason of the success of 
the experiment better than any one else. Within the hearing of the 
writer, she informed her neighbours that the success was due to the fact 
that the gas company were supplying the gas-stove with a special gas ; 
It was not at aJl the same gas as was in general use in the city. 

At the conclusion of the lectures, not only had we the satisfaction of 
knowing that the prejudice had been completely dissipated, but the lady 
lecturer assured her audience that she with ease produced results by the 
use of the gas-cooldn^ stove, which, to say the least, would have been very 
difOicult to achieve with the ordinary process, and she gave a testimonial 
to that effect as follows, which we were able to publish in the local papers. 
She wrote : — 

" I have the greatest pleasure in testifying to the cleanliness, comfort, 
and convenience of your gas-stoves. I feel sure that when the hot 
weather comes you will have a great demand for them from those ladies 
who attended my cooking classes this last month. The oven heated by 
gas is, of course, far more satisfactory than when heated in any other 
manner, as you can regulate the temperature according to your wishes, 
and, moreover, it is heated from the bottom, which is a great advantage." 

Before leaving this point, I must remark that, if yon are anxious to 
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mflkt ffM oooldiig a saooesf, it will not be suffloient to oonyinod the lady 
«l th« nouM. You mtiit by no means omit from yotur attentions onr friend 
the eook, in the kitchen. Her good opinion must oe obtained, and the new 
machine must not be introdnoed "without her full concurrence and 
a]>proTal. I know one lady, who had the imprudence to order a gas>range 
without having consultea the head of the euiaine department. It was 
with difficulty she was able to secure a farourable reception for the 
intruder. Another difficulty from the same source, and one not easy to 
deal with, is the extravagant use of gas by serrants. I by no means sym- 
pathize with tiie feeliugs that would render a gas company's official 
indifferent to the quantil^ of gas used extravagantly in this way. It must 
be remembered that ' gas for fuel, compared with coal, is not so cheap as 

Ssfor Hght, when compared witn other sources of artificial light; and, 
erefore, if we desire to popularize the use of heating gas, it is for us to 
aaiiat the consumers to use it with advantage and economy. A gentleman 
for whom we fixed a range was anxious to find out the cost of gas as fuel. 
One day he took the register of the meter, and again on that day week, 
when he found that the consumption was over 600 feet. He at onoe con- 
cluded that this was an extravagant arrangement, and gave notice to have 
the gas-range disconnected. Before doing so, he acceded to our request to 
have another trial made under the supervision of one of the Company's 
officers, and the result was that 800 feet were found to be ample for tiie 
performance of the same amount of work. 

In the first instance, the gas was permitted, like a coal fire, to bum away 
at times when it was not required, when such is the case, you will have an 
unfavourable opinion created as to the comparative cost of coal and gas, 
so that in the previously formed habits of servants, you have another diffi- 
eul^ to contend with, and one, as we have said, not easy to overcome. 

We would be wanting in the candour necessary for the wholesome dis- 
eussion of this subject, if we did not admit that some of the objections 
thus offered are not altogether groundless, and this arises from the maloon- 
ttruction of many of the stoves supplied to consumers. Not only is the 
ftmount of heat imparted out of proportion to the quantity of ^as supplied, 
but, owing to imperfect combustion, a most disagreeable smeU is given out, 
quite Buffioient to lead to the impression that the viands are becoming 
tainted. 

You have a large number of makers of gas-heating apparatus, each 
differing in his mode of construction. The improvements said to be made 
by one are ignored by the others, some resting their claim on noveltjr of 
the external design ; others on substantial workmanship ; more on being 
able to supply very cheap, but often very flimsy materials ; but, in this 
attention to secondary matters, the true principles on which a stove 
should be constructed are lost sight of, and therefore it is, when stoves of 
this class are put in the hands of a practical person, such as an experienced 
cook, the arrangements are found to be so badly made that the con- 
structors display an absence of the elementary principles to be observed 
in the operations of every well-constructed piece of apparatus. For 
example, you are informed by one maker that his range -mil roast ; but, 
on applying the thermometer to it, you will find that at the outside you 
will not have more than 160^ Fahr. Instead of roasting, you have meat 
only browned, and no more. What has become of the extra heat ? In 
fact, as in the case of the coal, it has passed up the chimney. In the 
maker's anxiety to convey off the products of combustion, he attaches a 
pipe out of proportion to the necessities of the case. While it is right to 
take off the products of combustion, it can be done without the loss of 100* 
of the heat, and this I have proved. Other makers will give you a stove 
in which you will get the heat for roasting, but you will not be able to get 
it to work under from 8 to 10-lOths pressure. Let the supply stop 
under this, and, if you open the stove-door, you will have a slight explo- 
sion, caused by the firing back of the mixture of air and gas. This slight 
exploaion, although, no doubt, harmless in itself, has proved fatal to the 
reputation of the apparatus, and the fault, so common in air-burners, 
when it ooours in the gas-stoves, produces a very disagreeable smell. 

However anxious we may be for the success of heating gas. yet to be 
ol^Uged to lustain in the mains 10 to ll-lOths pressure, is, pernaps, more 
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than the majority would be able to afford, and it is more than ought to 
be neceeaanr ; f or I hold that good resnltB can be obtamed with properly 
oonstmoted stoves at}6-10ths jpreBsore, and that, too, without the duiger 
and annoyance of the light firmg back, as it is called. 

You have again stoves constructed with non-conducting appliances; 
others without them, notwithstanding the clear and decided advantages 
to be gained by their use. Some makers use heat-diffusers ; others say 
they are of no use. In others, so imperfect is their combustion that you 
have constantly a dirty deposit of carbon. 

The manner in which stoves are supplied without suitable cooking 
utensils is another drawback. The cast-iron pots and ketiJes, well crusted 
from long service, are often used with gas-stoves with anything but good 
results, while bright tin or copper should be the rule. 

It would extend this paper oeyond its limits to give the statistics of 
several testings of the various makers. With equal pressures and quantities 
of ^[as I found varied results from the different apparatus. The conclusion 
arrived at is that there yet remains to be found a standard by which the 
best results may be secured. 

In the application of gas as a motive power you have an illustration of 
this. It was looked upon as a very important step, and the first engine 
used for the pur^se was certainly an elaborate machine. I refer to 
Lenoir's en^iine with the electric battery, &c. But you must have also 
heard that it was necessary to keep two or three cylinders in stock, so 
rapidly did they wear out. We next had Otto and Langen's, with con- 
siderably reduced wear and tear; but even this had its drawbacks. I 
remember to have seen at an exhibition a two-horse engine of this mike, 
and near to this gas-engine, with the rattle of its gear and the unpleasant 
sound occasioned by its repeated explosions, was working a very compact 
steam-engine of the same power, but not half the size, and it woriced 
without any noise. I can tell you that the impression made on the visitors 
was on l^t occasion decidedly in favour of the steam-engine. But now 
look at the result of well-directed skill, aided by correct principles. You 
have a gas-engine that can hold its own, perfect in details, noiseless in 
action, most compact in construction, and, as a well-merited reward of the 
attention thus bestowed on it, the makers and improvers are as busy as 
^ey can be in its extensive manufacture. I had recently an opportunity 
of visiting the works of Crossley Brothers, and I there saw in course of 
construction every size, from half-horsepower to eight-horse, and they had 
orders on their books for 178 engines. We have seen what Crossley 
Brothers have done for the gas-engine, and Sugg for burners. We un- 
questionably require their imitators for stoves. 

Another drawback to the use of gas-stoves is the manner in which they 
are often connected by gas-fitters. We all have had experience of the evils 
attendant on the work performed by incompetent fitters, and perhaps few 
things give more annoyance to gas managers than this, which I must call 
an evil. Consumers will have it that the fault is in the gas. It is of no 
use to point out that their neighbours are well supplied; and the |;as-fitter 
often with a pretended knowledge wiU accord with the complamant, in 
order to screen his own cheap and unsuitable work. In this way you will 
find good gas-stoves in many instances rendered inefficient by the obtuse- 
ness of fitters. I have seen gas-stoves, requiring a supply of at least 16 feet 
per hour, connected with quarter-inon tubing. I have known instances 
where the place selected as most suitable by the gas-fitters was where the 
supply was most deficient, and, without taking the trouble to report or 
remedy the defect, they put it down to the inefficiency of the stove, and 
again I have also found where ignorance was so far displayed as to cover 
the apertures of the Bunsen burner where air is admitted. I need not tell 
you the result. As described by one gentleman who experienced it, it was 
so remarkable that you could hang your hat on the smell emitted. 

Gas-stoves for heating are often fixed without any contrivance for taking 
off the products of combustion. When a stove of this kind is placed on 
the floor of an apartment, you have, to say the least of it, a disagreeable 
a^osphere. However nicely designed and ornamental a stove may be, 
without so necessary an appendage it is a mistake to use it.^ I know 
a gentleman who was anxious to enjoy the luxury of gas heating in a room 
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in which there was no flue, and he was unwilling to spoil the appearance 
of the apartment by introducing one ; but he made a contriyance, which 
you will admit was very simple, and which I can tell you was very effectual. 
In the wall of the room over the doorway, at the height of 8 feet, he made 
a hole 6 inches square, communicating with the outer side of the room, 
and oyer this he hung a picture. The result is that he can now enjoy as 
much gaslight and heat as he requires without an^jr inconvenience, and 
the appearance of the room is in no way interfered with. 

Ha^g indicated some of the obstacles by which gas for heating ]3ur- 
poses is retarded, permit me to offer one or two suggestions with the view 
of assisting, to some extent, in removing the impediments ; but if after- 
wards I learn that they have been supplanted by others, which in your expe- 
rience you consider more conducive to the object in view, no one will 
be better pleased at the result than I shall be. 

In the first place I must remark that, up to the present, gas com- 
panies, with a few exceptions, have not taken so active a part in this 
matter as they might. The reason, I should say, is owing to the fast 
increasing demand for gas for illuminating purposes. They found that 
to provide for this gave ample occupation fSr their time and capital ; but 
inasmuch as there appears to be a more general desire recently to study 
the question, I submit that it is within the power of the companies to 
remove the difficulties by which its application is retarded. 

In order to do so, the first step that appears to be necessary is recog- 
nizing the fact that gas-heating apparatus is to be perfected or improved. 
An inquiry should be instituted by a series of practical experiments into 
the prmciples on which heating gas can be apphed with advantage. 

In order to secure for this end the best scientific aid, a contribution 
from each of the well-to-do gas companies would soon fonn a respectable 
fund for this and bH similar purposes; the Committee would thereby be 
able to secure the services of a thoroughly competent person or persons to 
prosecute the inquiry, and having ascertained the principles to be ob- 
served in the arrangement of the apparatus, there should be a premium 
offered to manufactorers for the best constructed apparatus in accordance 
with ascertained principles. 

Gas companies would thereby place themselves in a position to afford 
correct information to their consumers. 

Whatever difference of opinion ma^be entertained about extending 
their control to the point of combustion, so far as lighting ^as is con- 
cerned, I certainly think that it should be within their province to see 
that consumers are supplied with proper apparatus, and that such are fixed 
in a proper maimer. 

In every large and medium-sized company it would tend very much to 
ensure success, if one of the officials made himself thoroughly acquainted 
with the construction of gas-stoves, and, in addition, an elementary 
knowledge of the first principles of cookery. They thereby would have at 
hand, at all times, a means of giving practical information on all points 
connected with the subject. 

A disposition of this kind will be certain to create a mutual feeling of 
confidence between gas companies and consumers, and it will also be the 
means of introducing properly constructed apparatus,which will give such 
results as must lead to the extensive use of gas for heating purposes. 



Mr. Gore said that having, 27 or 28 years ago, given the first public 
exhibition of gas cooking in London, he might be permitted to say a word 
or two on this subject. So much had been written and said on the appli- 
cation of gaseous fu^ to domestic purposes, that in a meeting like the 
present it was scarcely necessary to repeat what had been so often 
reiterated. There was one point, however, which deserved their attention 
as manufacturers of gas — namely, whether it was possible, by the agency 
of gas, to utilize for heating purposes, in their own manufacture, some of 
the other products connected with gas. Some years ago he was connected 
with a patent for the purpose of using gaseous and liquid fuel in the 
nuuralaotare of iron, and wnen it was at so high a price he undertook a 

a 
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lAXf • nnalMr of •zp«rim«ati la oona«otioii with ibis paii&i. H« Uma 
hM to doal with ft Tuiotj of oontiiTa&oM for fho purpoio ol impfotlaf 
tho mAavfaoiort of iron. Mr. Ouaeron m*do ft sonof of oanMrimonts, in 
whieh ho endoftYomod to produce the effect of puddling by the ftcenojr of 
ooftl in ft finely-diTided itftte. Othen followed with enermiente m whieh 
gfts wftf employed for ft Bimilftr purpose. It wfts true they could not com- 
pete with solid fuel ; but they hftd taught some practical lessons— namely, 
ihftt there were drcumstftnoes in which gftseous fuel could be ftdvftn- 
tMOously ftpplied. On one occasion he was visiting Chatham Dookyaid, 
when tiie armour-plfttes for the SuUcun had to be bent to different shapes 
to adapt them to tne curve of the ship. It was found practically impos- 
sible to suocesdfally heat tiiem uniformly by an ordinary furnace. 

Mr. Gboboe LrrsBBT said he thought it would be well if Mr. Gore would 
eonfine himself to the subject on the paper which had been read. 

Mr. GoBB Bftid the use of fuel in ft gaseous form convinced him there 
were other modes, even beyond culinary purposes, to which gas mann- 
faotnrers mi^ht direct their attention, the result of which, he believed, 
would be eminently advantageous to them. All Mr. Travers had said hft 
folly endorsed. 

Mr. Gbobob Andxbson said the paper was one of the most praotioftl 
which had been brought before the Society for a long time, but it did not 
require discussion so much as reneotion. There was, no doubt, a grsftft 
variety of apparatus, and he thought reflection and study would bring 
them all to tne same conclusion Mr. Travers had arrived at — ^that it waa 
necessary some arrangement should be made to winnow out the wheat 
from the diftff« One could go into any gfts-fitter's shop and buy whftt Wftfl 
called ft gas-trivet for two or three shillings, and a certain quantity of gas 
would be necessary to heat a kettle up to boiling point ; but, if one simply 

S laced ft little cylinder which cost about 2d. over this trivet, one would 
ecrease tiie quantity of oas and the time required by about 40 ^er cent.» 
showing that m that small apparatus there was great room for improve- 
ment. 

Mr. Oaapxntbb (Sheemess) said the consumption of gas in his distriel 
was not veij great, and in order to increase it he recommended his 
Directors to mtroduce stoves and let them out. They had now something 
like 250 to 800. They had considerably increased the consumption, ana 
found no great difficulty in giving a proi>er supply of gas at about 9-lOths 
pressure. Some stoves, however, required ll-lOths, some wonld cook 
at 6-10th8, whilst others required 16-lOths. He considered tiie great 
fault with gas-stoves generally wfts that the gasways were not made 
sufficientlylarge. 

Mr. H. WooDAiiL (Leeds) said that, when using a gas-stove, he had 
noticed an unpleasant smell, and, looking under the stove, he found that 
one of the jets had been blown out, and it occurred to him that that was 
frequently the cause of this unpleasantness. Two or three weeks ago, in 
using Mr. Vernon Harcourt's colour tests, he observed almost identically 
the same smell proceeding from the gas heated after passing through the 
pumice. It occurred to mm that the smell was that of gas which came 
into pretty close contact with the heat of the flame, by which it was not 
burnt, but broken up, and sulphuretted hydrogen liberated. 

Mr. Yebnon Habooubt had no doubt that one of the unpleasant gases 

E reduced when any sample of coal gas was heated was sulphuretted 
ydrogen; but besides tnat there were no doubt other compounds of 
carbon and hydrogen which were also very ofFensive. He had noticed in 
his apparatus the same smell, and he always made a practice to bum 
these gases before they passed mto the air of uie room. 

Major Dbxbsxb (New York) said an instance had occurred in Pro« 
vidence, Bhode Island, which seemed exactly to the point. A gentlemaa 
went to his bath-room, in cold weather, to take a batn ; lit the gas-stove, 
and turned it on fall. It was calculated to bum about 12 to 13 f^et per 
hour; but, as experiments afterwards showed, under the pressure he wms 
using it, with the cock turned on full, it burnt 80 feet per hour. Tho 
young man not coming out of the bath, after an hour or two, his ftunily 
went m and found him dead, and experiments showed that he was m^^ 
by cftrbonio oxide, the most deadly poison which arose froxa tfaft ust of 
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gai in any way. A long series of ezperimente were gone into by the 
parties interested in the stove and by the gas company. Pigeons and 
small animals were introduced into the room, and by using similar quanti- 
ties of gas. burnt under similar conditions, they found the atmosphere of 
the room became so vitiated that pigeons would die in a very few minutes, 
and an analysis of the atmosphere showed that it was overcharged with 
carbonic oxide, the result of imperfect combustion of the gas. It was now 
universally acknowledged in America that the proper way to use a gas- 
stove was to have a chimney leading from the combustion chamber to the 
onen air, so that the products of combustion might be carried off, and 
the makers of the best stoves always recommended their customers to use 
a chimney. 

Mr. HuTOHiKsoN (Bamsley) spoke to the necessity of ventilation in 
rooms where gas was used for cooking purposes. It was most unreason* 
able to bum such large quantities of gas as were often used without 
making provision for ventilation. This arose from the very pure character 
of the ^as generally supplied for that purpose, for if it was much more 
impure it would at once call for more attisntion. 

Mr. Oabb (Halifax) thought the production of carbonic oxide could only 
occur in a room with a very limited supply of oxygen, or a badly con- 
structed stove, because, although it might be produced in one part of the 
flame, if there were an abundant supply of oxygen, the carbonic oxide 
would be consumed at the tip of the name, before it escaped. He could 
scarcely think, therefore, that the smell so j^revalent where gas-stoves 
were used could result from carbonic oxide being allowed to escape. He 
had noticed in several cases a yerv unpleasant smell ; but it was gene- 
rally that which was always found in very badly-ventilated public rooms 
—carbonic acid. He was not aware that carbomc oxide had any smell at 
all. 

Mr. Gaoaas Lzvbbxt had no doubt that carbonic oxide was one of ilte 
products of combustion, and he should be very glad if gas companies 
would undertake a series of en>eriments to investigate the j^roducts of 
combustion more thoroughly. Some had been undertaken, which went to 
show that the carbon in gas was not l^oroughly consumed by any means. If 
it were aU converted into carbonic acid, they could deal with it vexv well. 
There was no doubt, at present, the best means was to provide efficient 
ventilation. The main question of Mr. Traverses paper was as to the intro- 
duction of gas-cooking stoves by gas companies, and it seemed a ri^ht 
course for gas companies and corporations to let the stoves on hire, 
because incQviduals were not prepared to go to the cost of a stove, 
although they were quite willine to pay a reasonable rent for it. This would 
entail a certain amount of trouble on the officers of the companies or cor- 
porations, and that trouble, he thought, had been a great obstacle to the in- 
troduction of this system. They had lelt that they had enough to do, and 
if they added to their labours, it would be regarded as a work of supererogation. 
In many cases the directors were not piurticularly willing to go into the 
question, and the manager had to press the subject, almost as a personal 
matter, to induce them to adopt it. So far had the existing principles on 
which gas companies worked acted detrimentally to their mterest, that 
they had no inducement to push their business. He maintained that, 
unaer present circumstances, the best reply they could give to electric 
scares, or any other, would be to endeavour to push their business as any 
ordinary traders would do— to produce gas as cheaply as possible, and to 

fet its consumption increased. He would say especially that the subject 
rought forwud by Mr. Travers pointed to a direction in which 
that consumption might be materially increased, to the great 
benefit of the gas interest, enabling them to reduce the price 
and giving them a field of operation with which no electric candle could 
compete. He certainly diould not be sorry to see the electric light come 
into use for many purposes, but it would never compete with gas for 
cooking. There would be a difficulty, no doubt, about the matter. It 
was duAcult to select the best stove, but his own opinion was that 
where stoves were sold direct to the consumer, if he wanted a cheap stove 
he must put up with the consequence of it being soon worn out. But if 
they were to let stoves on hire, it would be a bad policy to adopt cheap 
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Btoves. They wanted the best one, and it wonld be found to pay better 
to charge even something less than a fall or fair per centage on the cost 
as rent for a thorooghly good stove, than a full per oentage on the cost 
of a bad one, because the bad one would give no end of trouble, and the 
good one would cost less in the result. He was sorry that Mr. Gore con- 
cluded his interesting speech so soon, for he did not intend to cut him 
short hj any means. Me hoped something would be done to educate the 
public in the use of these tnings. As he was speaking, he would ask 
leave to refer to an expression he used yesterday, which might be mis- 
understood. His friend Mr. Mead made a statement about ^^as-works he 
was connected with having cost 16s. per 1000 feet, when he said he did not 
believe what was said. He was quite sure Mr. Mead understood it 
thorou|fhly, and he now found that Mr. Mead was right in what he stated, 
from his point of view. What he meant was, that the gas-works he had 
had to do with had capitals ranging from 16s. per 1000 feet and upwards, 
whereas his (Mr. Livesey's) statement had reference to the value of the 
plant which they possessed. ' 

Mr. Helps (Batn) said in his town they had a large consumption of gas 
for cooking and heating purposes. Some years ago they had a very 
energetic officer at the worlLS, who constructed a very good cooking stove. 
This was used at the works, and they invited the Mayor and Corporation 
of the town to dinner, also the reporters and any gas-fitters who liked to 
attend. That was about ten years ago, and from that time the consump- 
tion for this purpose had rapidly increased. His Directors did what they 
could to increase the consumption of gas by introducing into their offices 
some of the best stoves made, both for cookmg and heating. Many of the 
consumers came to the offices to pay their bills or make inquiries, and 
they then saw these stoves, and had them explained, whereas they would 
not take the trouble to go to a gas-fitter's or ironmonger's to see them. If 
directors would think a little more of these matters, and introduce stoves 
for show in a conspicuous part of their offices, it would bring about good 
results. 

Mr. Gill (Bridgnorth) said he had been sending out circulars recom- 
mending gas for cooking in summer, and for heating apparatus in winter, 
and there were now in use about 150 stoves for boimig, and various cook- 
ing stoves, and about 25 for heating, which had much increased the con- 
sumption. The directors as well as the public were at first rather pre- 
i'udiced, but now they saw the usefulness of doing so, and had fixed up a 
ot of stoves as suggested by the last speaker. With reference to the 
smell, there was a great deal in the manufacture of the stove, and it was 
wise to go to the best makers ; at the same time, a good deal of the smell 
was occasioned by want of care. He had examined some stoves which 
were complained of, and found burnt grease all about them, and when 
this was removed there was no more comi)laint. In view of the possibility 
of less gas being used in future for lighting, it was of great importance 
that this subject should be borne in mind. 

Mr. Mbad (Sutton) said he had had cooking done in his own house for 
SO years by gas, and he had not been killed yet. With regard to its effect 
on gas companies, he found that in his own house it had just about 
doubled the consumption. When he was in London, his gas bills were 
the same in summer as in winter. He thought the two practical points 
to be insisted upon were, never to erect a gas-stove without having a 
chimney, and never to connect it with a small pi^e. 

Mr.M!ooBE(Macclesfield)saidwhenhehadtodowiththismattersomeyear8 
ago, there was a large Institution, with between 800 and 900 inmates, whose 
eoal arrangements broke down, and he induced the medical superintendent 
to allow him to try gas cooking for twelve months. They made the stoves, 
fixed them, and had a separate main and meter for the cooking arrange- 
ments. Daring the twelve months there was a sreat saving in cost, and 
13 cwt. additional dripping was saved, which, at 4d. a pound, realized JESO. 
Mr. Travers laid stress on the way in which stoves were fixed, and he had 
often found great neglect on that point. It was quite tiue, as Mr. 
Livesey said, that if tms question were worked out successfully it entaUed 
additional trouble on engineers. He gathered that Mr. Travers had 
given personal supervision to the matter, and he was satisfied that it 
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vas only by engineers taking trouble themselyes that an increase of oon- 
Bomption for cooking could be brought about. In the stoves, he had fixed 
Tentilating-pipes out into the shafts^ so that the draught was just that 
caused by the consumption inside, without any pull. Over the top of the 
boiler he fixed an iron ornamental awning fixed to the same flues, leaving 
a space round, and that took away all the steam and smelL 

Mr. Ibonb (G-osport) described a gas-stove designed by Alderman Cope- 
land, which had been the means of prolonging life. The gM came 
throuffh small apertures similar to those of the present atmospheric stoves; 
over these were metal thimbles, and over them porcelain balls. At the 
first aperture there was a small gas-flame ; but as soon as the thimble- 
pieces were put over, the flame disappeared, and the whole of them got 
red hot. Then when the porcelain balls were put on the top of them, they 
got red hot, and the whole products of combustion were destroyed and 
carried away. This was used in the bed-room of a consumptive patient, 
and the physician stated tiiat the stove had been the means of prolonging 
life. 

Mr. Hunt (Birmingham) said the important point in selecting the best 
stove for hiring or selling was to find the one that consumed the least 
amount of gas lor the heat produced. 

Mr. Tbavebs, in reply, said since he had furnished his paper to the 
Association he had visited Birmingham, where there was a very gratify- 
ing exhibition of ffas-stoves, many of which were calculated to remove 
some of the obstacles he had mentioned. With regurd to the importance 
of gas companies taking the matter in their own hfmds, he might mention 
that in Cork they had introduced the hiring system, and found it very 
successful. Persons who would not think of la^dng out £1 for a stove, 
would readily take stoves which cost £5 on the hiring system. They had 
made arrangements that gas-fitters were not permitted to connect tiiem, 
or, if they did, they must use certain sized pipes. They had also a Stove 
Inspector, whose duty it was to instruct consumers, and see that the 
stoves were properly at work, and that they were giving the best results. 
They had also a shop in the town, in which the stoves could be seen in 
operation, and in the window there was a constant exhibition of burners, 
good and bad, so tiiat they could at any time refer consumers to this place, 
when they complained of the inferior quality of the gas or even of the 
stoves. He would conclude by saying that he trusted this subject would 
be now ventHated, and that the day was not far distant when the gas 
consumption would be almost the same in summer as in winter. 

The Pbesident^ in closing the discussion, said his only fear was that, 
when the happy time just alluded to arrived, he did not Imow when they 
would be able to hold their meetings. 



PUEEBICATION BY MEANS OF LIQUffiS, PBINOIPALLY 

CAUSTIC AMMONIA. 

By Mr. F. D. Mabsball CBrentford). 

Many attexnptB hftye been made to effect the mmoyal ol HtS, 00t» and 
the so-oalled Bulphor oompoondB by meanB of lii^xiid reagents in dosed 
▼esBelB, and to dispense with the nse of the objectionable lune or oxide of 
iron. As day by day the preesore Ib brought to bear, truly the unhappy 
gas companies are between the horns of a dilemma ; for, in obedience to 
popular prejudice, while those wiseacres, the local authorities, insist on 
we remoyal of a few grains of sulphur, thev, in the same >>reath, as much 
as forbid us the only practical means of accomplishing this end. Of 
champions in the cause, their name is legion^Wilson, in 1818 ; Phillips, 
1843 ; Farmer, 1847 ; Mann, 1868 ; Laming, 1863, 1864, 1866 ; Leigh, 1866 ; 
HiUs, 1870, 1874, 1876, 1877 ; Patterson, 1873 ; Faterson and GoUinge, 1877 ; 
Evans and Sugg, Wallace and Glaus, 1878, have all sought protection of the 
Patent Office &i processes to efieot the purification by liquids in some 
form or other, and we seem, in a measure, to be approaching the desired 
•nd. 

Of the originality of some of the schemes it would be invidious 
to BpesJc, for many seemed bent on treading in the footsteps of their 

Sedeoessors, and original ideas cropped up at interrals, law and 
r between, although it is but fair to mention' that a somewhat original 
path was carved out by Mr. G. Livesey, who purposed desulphurating the 
uquor by means of furnace gases, a detailed description of which appeared 
bMore you in 1876. 

In the majority of the patented schemes, ammoniaoal liquor pl*yB 
the principal part, and this can scarcely be wondered at when we think 
of the peculiar advantages ** liquor " presents for the purpose, possess- 
ing as it does a large supply of ammonia, which, in its free state, is 
capable of absorbing both GOt and HgS quite as readily as lime itself ; but,- 
as the NHs is now obtained, it is bound up, so to speak, with GO, and HtS, 
and to free it from these, in an economical manner, is the question we are 
all so earnestly endeavouring to solve. Many patents purposed treating 
ammoniaoal hquor with caustic lime, and . so converting the GOg into 
carbonate of lime, and setting free an equivalent quanti^ of ammonia, 
and another form purposed the decomposition of the Hquor by heat, 
driving the gases thus set free through oxide of iron and lime. But these 
plans would present difficulties, for a large amount of aqueous vapour would 
pass over with the evolved gases, and be condensed in the lime, rendering 
it cloggy and non-porous ; and to prevent this the lime would have to 
be kept hot and dry, to give free passage to the gaseous sulphide or caustic 
ammonia. 

To test the feasibility of these plans, I was instructed by Mr. 
Woodall, while at the PhoBnix G-as Gompany, to make some experiments, 
by adding caustic lime to gas liquor, and these showed the impracticability 
of accomplishing anything in this direction, for, besides losing a large 
quantity of ammonia, it was difficult to regulate the quantity of lune added 
to the hquor, in order only to precipitate the carbonic acid, for should the 
lime exceed a definite quantity the sulphuretted hydrogen would be 
absorbed with the carbonate as sulphide, and ultimately as bisulphide of 
calcium, and as such would be most voluminous and difficult of disposal. 
Should any one feel disposed to push inquiries in this direction, the 
following data, showing the quantity of lime required for a gallon of 
liquor of 8-ounce strength to precipitate the GOg alone, may be useml: — One 
bushel of lime requires 12 pounds of water to slake it, and 0*263 pound of 
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■Iftktd lime are required to every gallon ol liquor of 8-ounoe strength to 
precipitate the CO,. 

This prooesB was, however, partly anticipated by Livevey'i patent in 
1865. 

Mnoh publicity has been given to Hills's process, the details of whieh 
we are now familiar with. Suffice it to say, ne aims at the production of 
caustic ammonia by heating the liquor to a temperature of 180^, whereby 
the GO2 and H^S are separated from the NH3, the two former passing away, 
while the latter is re-absorbed by fresh liquor, and carried back to tne 
boiler. Of the effectiveness of this scheme I speak guardedly ; for while, 
on the one hand, I am assured by Mr. George Livesey titiat he has worked 
it successfully, and intends purifying nearly the wnole of his gas from 
OOg and H^S by this means, yet 1 am in a position to quote analyses of 
liquors obtained from the outlet of boilers where this process was xmder 
tnal, and these reveal the fact that the action was not complete, and 
that the NHg, in all the samples taken, existed nearly wholly in the 
combined state — ^that is, as carbonate and sulphide of ammonium — ^and the 
free ammonia in no case exceeded more than 0'144 per cent. As the 
actions spoken of only take place within the limits of certain tempera- 
tures, considerable difficulty was experienced in maintaining the boilers 
at an equable temperature. 

Another process for the removal of the H,S was that of Marriott, of 
Hnddersfield, and extensive trials were made of the process at the Vaox- 
hall station of the Phoenix Gas Company about a year ago. It principally 
consists in breaking up the H^S in crude gas by means of sulphurous 
acid (SOs + aHsS =2H|0 + 8S), whereby the oxygen in the SO, oombines 
with the H of the HsS, forming water, and the equivalents of sulphur 
from the SO. and the H^S are eventually recovered, to be used over again 
in the manuiaoture of sulphurous acid gas. To effect this the sulphurous 
acid is brought into contact with gas liquor, convertinff it first into a 
sulphite, and then into a bisulphite of ammonia, and in wis condition it 
is used for scrubbing the gas. So far as the removal of the HtS was ooa- 
oemed, the plan was perfectly successful ; but the chief drawback wiu 
due to the destructive influence of a certain amount of free SO^ on the 
iron employed in the construction of the pumps and apparatus ; but there 
is no doubt this may be remedied by the employment of lead, stone, or 
gutta percha in the construction of the apparatus. Neither the 00| nor 
sulphur compounds were acted upon by the bisulphite of ammonia ; but, 
on Mr. Marriott's authority, by treating the bisulphite of ammonia with 
an excess of 80., it can be converted into a pentathianide of ammonia, 
and in this condition the inventor states he has removed bisulphide of 
carbon compounds. 

But practically we were never able to impregnate the liquor with more 
sulphur than to form a bisulphite. The whole process can scarcely be 
called original, for in 1831 Lowe and CroU, 1856 Gossage, 1662 Livesey, 
and 1869 Bauher and Dale, took out patents all more or less covering the 
same ground, the only difference being that some employed free SOy, 
while others used ammonia as the carrier of the SO*. 

It seems admitted, beyond doubt, that both GOs and H|8 may be 
efficiently removed by caustic ammonia, or purified gas liquor, but now 
far the sulphur compounds are affected by sulphide of ammonium or puri- 
fied gas liquor we have not extensively pubhshed data. That they are 
affected by sulphide of ammonium, and by soluble and insoluble sulphides, 
we are prepared to admit. I have had occasion to make experiments in 
this direction, and began with crude gas liquor, of 9-oz. strength, with l-20th 
part of alcohol added. This was passed through scrubbers filled with 
pumioe stone, with this effect — Sulphur at inlet of scrubbers 93 grains, 
and at outlet 12 grains; the difference being 11 grains. Several series ox 
experiments bore out ikeae results. 

The experiment was repeated without alcohol; the sulphur, however, at 
the inlet was 83 grains, and at the outlet 22 gndns ; difference, 11 grains. 
An abnormally strong liquor was then obtained — viz., 29-oz. strength, and 
used in a similar manner, but without any alcohol. The results were— Inlet 
ef sembbers, 80 grains; outlet, 16*5 grains; dlffereaee, 18*5 grains. Unfortu- 
nately, a cerreet meai«remeat of the Uquef was impraetieable, so large 
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was the amonnt carried away by the passage of the gas, but as long as it 
lasted it seemed capable of doing good work. 

These experiments were made on gas free from H,S, bnt containing 
0*8 per cent, of COs. During the experiments freqnent triklB were niade to 
ascertain any dinunntion of condensable hydrocarbons or carbonic acid, 
and we found- 
Inlet of scmbbers : 
Condensable hydrocarbons 4*0 per cent. 

Outlet of scrubbers : 



Condensable hydrocarbons • . . • « 4*0 



ti 
ft 



showing no diminution of hydrocarbons, but a reduction of 0*2 per cent, of 
COg. These experiments were repeated with sulphide of ammonium, and 
the aTcrage result of a series of trials showed a reduction from 27 ^ains 
to 17 grains of sulphur — difference, 10 grains. With caustic ammonia the 
results were very yariable ; but a reduction of 10 grains of sulphur could 
easily be obtained. To my mind, it seems that, with more efficient 
scrubbing I)ower, and longer contact of the gas with the reagent, much 
greater dmunutions might be effected, and this has been borne out by a 
further series of experiments, also under the direction of Mr. Woo^all, 
with another soluble sulphide — ^viz., sulphide of barium — ^patented by 
Messrs. Wallace and Clans. This baric sulphide is prepared from sulphate 
of baryta, found in large quantities in Derbyshire and all lead-bearing 
districts, and known locally by the name of " cowk." 

After being crushed with an equivalent of powdered coal, and heated in 
a reducing furnace, the sulphide of barium tnus formed is dissolved out, 
and is ready for use. For the experiments, which extended over some 
months, two towers, 24 inches in diameter, and 9 feet high, were used, 
fitted with a " tumbling-box" distributor, and the avera^ of the observa- 
tions showed that 40 gallons of saturated barium sulphide purified 9000 
cubic feet of gas, reducing the sulphur from 26 grains at inlet to 6*3 grains 
at outlet, making a difference of 19*7 grains. 

The average quantity of gas per hour was 1200 cubic feet. Had the 
towers been of larger capacity, and the scrubbing area increased, the 
work done by the barium would have been probably much greater. 

Experiments made by Mr. Frank Moms, the Engineer at Brentford, 
showed like good results. There is, however, one great difficulty to con- 
tend with, when dealing with barium, and that is its great tendency to 
become both carbonated and oxidized by the action of the atmosphere, and 
great precautions must be taken to keep it covered up and free from 
exposure. Mr. Marriott is now, I believe, experimenting at the Fulham 
Gas-Works with another sulphide — ^viz., sulphide of sodium — and we shall, 
no doubt, shortly hear with what results. 

And now we come to review these systems of purification for the pro- 
duction of caustic NH., we find ourselves at the unprofitable and scarcely 
amusing occupation oi carrying the parson round the church, for we are 
reduced to the clumsy and wasteful process of treating liquor with lime, or 
vice versdf by which we create a bulky waste product of carbonate of lime, 
and the CO, and HgS, which ought to play their parts in the purification, 
are entirely lost or rendered useless, and the whole thing is nothing but 
lime purification by proxy. And presuming we have economically manu- 
factured the caustic NH3, we are oy no means certain of the best way of 
introducing it to the gas, so as to avoid an excessive and unprofitable 
washing power for removing the NH3, that the gas must necessarily assimi- 
late during its passage ; and in the case of purification by sulpnides, we 
must, for cogent reasons, remove first the COg, and perforce use the 
famUiar oxide to remove the H,S carried forward by the gas, while in the 
case of sulphide of ammonium, both washing and oxide must be had 
recourse to. 

I mentioned that we must first rid the gas of COg before entering a 
.sulphide purifier or vessel | for those of us who are unfortunately com- 
pelled to use lime purification are folly alive to the infiuence of COg on 
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snlpliide pnrifierfl— viz., the ezjpnlsion of the HsS— and ihid equally applies 
to liquid reagents, as the following experiments made at Yanxhall 
satisfactorily show : — 

Fonr small scmbhers were employed, and sulphide of ammonium was 
pat into the first two scrubbers, and caustic ammonia into the second two. 
Assuming the crude gas to contain 4 per cent, of CO9, the theoretical 
quantity of gas required to be passed, to convert the sulphide of ammonium 
into the monocarbonate, would be 89 cubic feet, or into the bicarbonate, 
78 cubic feet. The composition of the sulphide of ammonium in sorubbers 
Nos. 1 and 2 was— 

Ammonia 4*90 per cent. 

Sulphuretted hydrogen 3'25 „ 

After passing 20 cubic feet of crude gas at the rate of 6 feet per hour — 

No. 1 scrubber contained 1*48 per cent, of H^S. 

4 „ „ 1*56 „ „ 

After, however, 83 feet had passed — 

No. 1 scrubber contained *60 
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After passage of 140 cubic feet — 
No. 1 scrubber contained . . 

2 „ „ 

3 „ „ • . 

4 ,, », . . 
No. 1 scrubber also contained 

)) it a 

No. 3 scrubber also contained 

it ti a 

Thus it will be seen that in the first scrubber (ori^ally containing sul- 
phide of ammonium) we get an increase of ammonia from 4*9 per cent, to 
6*89 per cent. We also find 9*66 per cent, of GO,. To convert the 6*89 per 
cent, of NH, into monocarbonate of ammonia, it would require 8*9 per 
cent, of GOs, or a proportion of 22 of GO, to 17 of NH^; instead of 
which we have 9*66 per cent, of GO,, or a proportion of 24 of GO, 
to 17 of NH); clearly proving the formation of a bicarbonate of am- 
monia, and a thorough expulsion of the H^S; for as H^S cannot exist 
along with sesqui or bicarbonate of ammonia except in the free state, 
the 0*66 per cent, of HgS remaining must have assumed the free state, 
and have been held mechanicallv in solution — that is, about 16 per 
cent, of tiie ori^al 3*26 per cent, of H^S remained in the free state after 
all tibe ammonia had been converted into more than monocarbonate of 
ammonia. The experiments were carefully conducted, and the GG^ and 
H«S in the liquors determined by volumetric analysis. 

This clearly points to the fact that GO3 is absorbed by sulphide of am- 
monium with expulsion of H3S, and that a mono or bicarbonate of ammonia 
is formed ; but now far the absorption of GO2 takes place in ordinary 
scrubbers may be gathered from the carefully conducted and beautifully 
recorded experiments made by Mr. M'Minn at the Fulham station of The 
Gaslight and Goke Gompany. The average of a number of trials, extending 
over a long period of time, showed, at the inlet of scrubbers, 2*002 per cent, 
by volume of GO3, and at outlet, 1*764 per cent. — ^reduction, 0*288 per cent.; 
while experiments quoted a short time back, when on the subject of scrub- 
bing with ordinary liquor, showed a reduction from 0*8 per cent, to 0*6 per 
cent.— difference, 0*2 per cent.; and further eneriments made on a screw 
condenser, at the Vauxhall station of the Phosnix Gompany, proved a 
diminution of &om 1*2 per cent, by volume at the inlet to 0*82 per cent, at 
the outlet, the difference being 0*8i3 ner.cent. 

It is on this theory of the power of gas liquor to absorb GOg, and. at the 
tame time, to displace H^S, that induced Messrs. Wallace and Glaus to 
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1. 

Carbonate 

and 
Bicarbonate 

of 
Ammonia* 




2. 

Carbonate 

and 
Bisulphide 

of 
Ammonium. 




iik* out thftir Mtent for th* produotlon of canitio ammoBift, and iha 
ipeeitl iMtnre of their proeoM is the employment of a gerieg of peeoUarly 
eoxuttraoted sombben or towers, whereby tms "fractionatioii,"or ipUttiag 
up of the oonstitaents of the liquor, takes place. The oonBtrootioxi of the 
towere may be described thoe— 

They aie square in form, of a capacity proportioned to the make of gas, 
the distributing arrangement oonsiBting of a ** tumbling box," or angular 

receptacle, one side of which, bemg pre- 
sented to the incoming liquor, is over- 
baJanced, the contents spilled over the re- 
ceiving surface of the scrubber, and by the 
some movement the other side is in its 
turn presented to the liquor, filled, and 
eventually toppled over. 

The interior of the scrubber itself is 
fitted with layers of angle-iron, made with 
rather an acute angle, and these angle- 
irons are laid each layer transversely across 
the other. This has the effect of splitting 
up the liquor into an extremely fine rain, 
capillary attraction being overcome by the 
transverse arrangement of the angles. A 
glass door let into the side of one, by the 
patentee, revealed the rain-like drops when 
the apparatus was at work. 

In these towers, the " fractionation " of 
the liquor takes place by the action of the 
incoming gas, the H^S being expelled to 
be absorbed bv subsequent towers. Fof 
the sake of illustration, we will assume 
five groups of towers are erected, consist- 
ing of three to each group. The reason 
the group arrangement is preferred is^ in 
case the reaction is not complete in the first 
tower of the group, the second or third 
tower of the group will complete the action, 
and thus the liquors be kept separated. 

The gas passes through the sieves from 
1 to 5, while the supply of the neoessary 
water is pumped to meet the gas in the 
contrary direction, from 5 to 1, so that by 
the time it arrives at group No. 1 it is 
converted into moderately strong liquor, 
or a mixture of sulphide and carbonate 
of ammonia. This liquor is pumped for 
some time up and down group No. X, so 
that, by contact with the GOt contained in 
the crude incoming gas, its H^S is dis- 
placed, and pushed forward to group No. 2, 
where it is met by the liquor pumped 
backward from group No. 5, and re- 
absorbed as sulphide of ammonium. On 
the contents of group No. 1 assuming the 
desired form of carbonate, or preferably 
bicarbonate of ammonia, the^ are with- 
drawn and subjected to heat m a suitable 
vessel, at a temperature of 180° Fahr., and 
the ammonic carbonate is driven off in a 
vaporous form, and condensed in a con- 
centrated state in another vessel. The 
residual liquor, after the carbonate of am- 
monia is driven off, is principally water 
containing a small quantity of earbenate 
and Bulphocyanide of a-Tn^nnimw^ ^nd this 
may be re-introduced into fht Uft stries el 
scrubbers. 



8. 

Solpliide 
of 

Ammenium. 




4. 
Weak 

Sulphide of 
Ammoniam. 





0. 
Water 
Sopply. 



Cauftie Ammonia pumped back 
inte Ko. 8 Tower. 
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Tbe ooBotntrated anunonio carbonate ig then mixed in another gnitaUe 
▼enel with an equivalent of common salt— chloride ol sodium (NaOl), 
NB^ CO. + Na CI => NH«C1 + Na O. CO.. Chloride of anmioninm and oar- 
bonate of soda are formed. This carbonate of soda, being soluble, would 
be dif&cnlt to obtain as such ; but recourse is had to its conyersion into a 
bicarbonate by the addition of an equivalent of CO, pumped into it, and 
bicarbonate, being insoluble, is immediately thrown down. This COt, in the 
first instance, is obtained from an extraneous source ; but the bicarbonate 
of sodA once formed, is eventually heated, and the equivalent of 00, given 
off is again stored for future use. The bicarbonate of soda is separated 
from the ohloride of ammonium by a centrifufi[al pump, or by filtration. 
The ammonio chloride is then heated in a boiler with slaked lime, with 
tiie formation of anunoniacal gas, chloride of calcium, and water. 

NH4 CI + Ca O HO » NH, + Ca Gl + 2H,0 

Tha ealoixua ohloride, representing the whole of the lime used, is with- 
drawn in the soluble form, and may be used for sanitary purposes as a 
disinfectant. 

The ammonia gas is absorbed by water as liquor ammonia, or is pumped 
back in the gaseous form into group No. 8 to effect primarily the removal 
of the HgS pushed forward from the preceding groups, and, secondarily, the 
xamoval of the sulphur compounds ; while a plentiful supply of water 
entering the last of the series will wash out any free NH« earned f orwacd 
by the j|assage of the sas. 

Such is an outline of the process for the manufacture of c&ustio ammonia 
it has been my endeavour to make inteUiAble in a few words ; and when 
we think of the efforts that have been made to produce caustic ammonia, 
we are impressed with the importance of any process which bids f^ to 
remove the difficulties that have hitherto been m the way of success, and 
for the production of bye-products, which are themselves of great practical 
utility and a source of wealth. 

Of the chemical part of the operation there can be no doubt, for it is 
simply an adaptation of the ammonia-soda process now in active work on 
the Continent, although comparatively little known in England, whereby 
no less than 1000 tons of carbonate of soda are produced weekly, one 
firm alone making 400 tons per week, and this firm is enabled to send its 
products to the very doors of the most favourably situated alkali makers 
in Germany, and there undersell them in spite of a heavy import duty. 
It is, however, to the ''fractionating" process in the scrubbers that we 
must turn our immediate attention, and oeing granted the fact that CO* is 
eontinuall^ pushing forward the HfS, I think this may be comprehended 
if we imagine an ordinsjy tall scrubber cut into three portions and placed 
idde by side. In the first section, representing the botWm or inlet of the 
scrubber, we should probably find the liquor principally carbonate or 
bicarbonate of ammonia ; in the second portion, representing the middle of 
the scrubber, i^e liquor would be a mixture of sulphide and carbonate ; 
while, in the third portion, representing the top of the scrubber, the liquor 
would be nearly aU sulphide, and thus the liquors from each portion be 
kept separated. Whereas, were the portions of the scrubber all on end, 
making^ one vessel, the liquors in the various states of transition would be 
mixed in a receiving-tank common to all. 

And now let us see what we gain by a system of purification based on 
this plan. First, and all-important, no foul lime ; and the lime used for 
the production of the NH3 would be 20 per cent, less than that required 
for the removal of the CO,. 

AU operations bein^ carried on in permanently closed vessels, nuisance 
is reduced to a minimum. Pumping to a large extent will supersede 
manual labour. No solid refuse to barge away, but a soluble residue of 
ciUcic chloride, useful as a deodorizer. 

The CO, hitherto wasted is utilized for the production of carbonate of 
soda, at a large profit. 

. The H,S is absorbed as sulphide of ammonia, thus yielding sufficient 
material for sulphate manufacture. 

The apparatus consisting principally of scrubbers, there would be great 
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eoonomy of space ; and last, bat not leasti the probable solution of the 
dnlphnr qnestion. 

it will be urged that by adopting this system gas-works will be 
converted into huge chemical works, but this need not necessarily be, for 
the bicarbonate of ammonia solution could easily be barged to neigh^ 
bouring works, and the liquid caustic ammonia sent back to the gas 
companies. 

I may mention that the ammonia-soda process was patented by Dr. 
Gerlach, of Kalk, near Cologne, and the process may be seen at work at a 
factory near Brussels. 

The accompanying figures, handed me by the patentees, Messrs. Wallace 
and Clans, wul conyey some idea of the enormous profits arlstug from the 
manufacture of the carbonate of soda. 

Assuming the CO, to be 2*4 per cent, by volume of the gas as it leaves 
the scrubbers, and CO, being three times heavier than coal gas, then the 
per centage by weight will equal 7*2 per cent. 

Coal gas gives one-fourth of its weight of gas, so, taking a weight of 
800,000 tons of coal, will produce 75,000 tons of gas, tiierefore the weight 
of CO, in 76,000 tons of gas will be about 6087 tons. 

Add the CO, in the ammoniacal liquor, found thus : The quantity of sul- 
phate of ammonia produced from 800,000 tons of coal will be 8272 tons, 
the actual ammonia in which is one-fourth, or 818 tons. Three-fourths of 
this is in combination with CO, gas, representing 613 tons. Every 17 tons 
of ammonia will hold 22 tons of CO, gas in combination; 618 tons will, 
therefore, combine with 798 tons of COt gas; and the total CO, in the gas 
wiU be 6087 + 798 = 6880 tons. 

To produce 64 tons of carbonate of soda will require 22 tons of carbonic 
acid, so that the 6830 tons of CO, would produce 14,810 tons of carbonate, 
worth no per ton = £148,100. 

The cost of manufacturing a ton of soda would be — 

Fuel 100 

Labour 100 

Salt 16 

Wear and tear 020 

Total £2 17 X 14,810 tons 

„ Jg42,216 deducted from ^48,100 would yield a profit of £100,886. 

In conclusion, I thank you for your indulp^ence to so long a paper; but 
I plead the importance and advantages of a process by which we may 
not only reap great benefits ourselves, but earn the gratitude of the 
capricious public, and even be in the enviable position to offer a sop to the 
sanitary Cerberus, who wiU henceforth be able to flush his sewers and 
water his streets with tons of deodorizing matter, and render our towns as 
healthy as the famed " Hygeia" itself. 

On the suggestion of the President, it was agreed that the discussion on 
Mr. Marshall's paper should be postponed until after the reading of one 
by Mr. F. Livesey. 



SOME EXPERIMENTS WITH AMMONIACAL LIQUOR 

AS A PURIFYING AGENT. 

By Mr. F. Liveset (London). 

In working ont the experiments of which this paper is a description, I 
have felt that the subject is not in sufficiently competent hands to giye 
the question the thorough investigation it deserves. It should properly 
be dealt with by a gas-maker who is also a clever chemist. I hope, now- 
ever, the ezpenments I shall bring before you may be of use, and that, 
perhaps, they may lead to some us^al results. 

It has often been expressed that the purification of gas will ultimately 
be accomplished in closed vessels, by means of the ammonia produced in 
the carbonization of the coal, and many attempts have been made in this 
direction without much success. 

There is, however, this satisfaction, that all attempts made bring some 
further knowledge to bear on the subject, and so help on this much-to-be- 
desired object. One chief obstacle in the way to this end is that the 
quantity of ammonia produced is only sufficient to purify about one-sixth 
part of the gas, so it seems necessary to use the ammoniacal liquor some 
six times over, being subjected to a purifying process after each succesi^e 
operation. 

liime, if used in a proper manner, will purify gas from sulphuretted 
hydrogen (H9S), carbonic acid (CO^, and the greater portion of the sulphur 
compounds, and aa there are many points in common in the chemical 
affinities of lime and ammonia, it is only to be expected that ammonia 
would do similar work to lime. 

To remove the sulphur compounds, lime must be in the form of sulphide, 
and the gas must be free from GO9. These conditions were formerly con- 
sidered sufficient; it is now, however, certain that H^S in any appreciable 
quantity interferes materially with the power of the sulphide of calcium to 
absorb the sulphur compounds. 

Now, there is little difficulty in taking out the H^S and GOg by means of 
the ammonia present, if in sufficient quantities : but to take out the GS, 
becomes the difficulty, for a foul liquor must be applied to a compara- 
tively clean gas, thus making the gas once more foul by taking up H^S 
and NHs from the liquor, and so rendering purifiers and scrubbers again 
necessary. 

Lime, when carbonated, is of no use for taking out the sulphur com- 

Eounds, and it is the same with foul ammoniacal liquor, which is generally 
alf carbonated when applied. A sulphide of ammonium is a difficult 
liquor to produce in ordmary gas-making, and, when made, difficult to 
apply, for the reason I have mentioned oefore, and also because it so 
readily gives up its ammonia to a deangas. Where one impurity can be 
driven forward from foul lime — ^viz. (E^S), byOO); from foul liquor the 
gas will carry forward three — ^H«S, CO,, and NH,. 

These reasons seem to me the cause why anmionia has not yet effected 
the entire purification of gas. 

That ammonia will, and does, accomplish much in the purification is 
well known, and these experiments have been made with a view to get the 
greatest amount of ^ood out of it. 

If sulphide of calcium is exposed to the action of gas containing COt, it 
will ultimately become more carbonated as the contact is continued, and 
with ammoniacal liquor it is much the same, thus leading to the conclu- 
sion that by long contact with the gas, a greater proportion of COt "will be 
removed, while with a short contact and a weak uquor HS^ will chiefly be 
taken out. Taking into consideration that the gas Uquor is used in the 
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earliest stages of pnrifioation, it is nn^nestionably better to get rid of the 
GO^ by its means than by lune, and it seems better to work the liqnor 
witn that object in Tiew. No plan, I believe, of working gas liqnor will 
take out the CO^ so effectiTely as a porified liquor, or certainly not in 
sufficient quantities to do away with the necessity for COf boxes. 

It will be fonnd that every ounce strength of ammoma in gas liquor 
equals 0*347 oz. of absolute ammonia, whicn will combine with 416 cubic 
inches of H|S to form sulphide' of ammonium, ( NH4 ) ^S, or with 414 oubio 
inches of CO3 to form carbonate of ammonium, (NH4} ^GOs; so that evei^ 
ounce strength of NH^ in the liquor should show, if entirely combined, 
some 416 cubic inches of impurities. 

Table No. 1. 



DMeriptlon of Lifoor. 



1. From LiTotey't tembber 

WMMhtit, snpplkd with 
water 

2. Ditto, ditto. . . 
8. LiTesey's washer liquor 

4. Ditto ditto 

5. Ditto ditto 

6. Ditto ditto 

7. Mann and Walker's Krabber 

(•mallBise) 

8. Ditto ditto (large size) . 

9. Ditto ditto, ditto . 

10. Condenser 

11. Ditto 

12. Hydranlie main .... 
18. Ditto 

14. Porifled liquor 

15. Liquor before purifloation . 

16. Same liquor after purifica- 

tion 

17. Liquor before purification 

18. Same liquor after purifica- 

tion 

19. Experiment to saturate a 9| 

oz. liquor, foul gas passing 
into it, ammonia kept back 
by acid 

20. Experiment to saturate a 

pnre ammonia solution 
withHaS 



Cnbie Inches of 
Impurities per Gallon. 



H.S. 



No. 1. 



4339 
3967 
2200 
1988 
1952 
2200 

1611 

1301 

1890 

1115 

1863 

464 

488 

434 

2076 

620 
2076 

867 



867 



8533 



CO.. 



No. 2. 



1972 
595 
7158 
9982 
1176 
1818 

8606 

18984 

5574 

1238 

1159 

808 

457 

247 

8088 

1233 
2002 

489 



2907 



Total. 



CuMeln. 
of Impuri- 
ties per 
Ounce of 
Strength. 



No. 8. 



6811 
4562 
0858 
11965 
8128 
3518 

10217 

15285 

7464 

S848 

2522 

772 

890 

681 

5164 

1858 
4078 

1856 



8774 



3533 



No. 4. 



894 

456 
428 
448 
368 
879 

687 
486 
439 
818 
835 
154 
162 
118 
868 

182 
870 

128 



897 



430 



uunoes 
of (dis- 
tilled) 
NH,. 



No. 6. 



ii 



P 

14 

14 
11 

11 



n 



8 1-5th 



Ooaees 

ofNR, 

Acid 

Test. 



No. 6. 



16 
10 
82 

27 

I* 

19 
17 



n 

8 

8 
6 



10 
10 



81-5th 



Table No. 1 gives an anthlysis of gas liquors from the different con- 
densing and purifying apparatus. Column No. 1 shows the number of 
cubic inches of H9S per gallon; No. 2, the number of cubic inches of 
CO. ; No. 8, the total number of cubic inches of impurities; No. 4, the 
total number of cubic inches of impurities per ounce of strength ; No. 5, 
the strength of ammonia. 

Take the hydraulic main liquor (No. 12). This contains only 164 cubic 
inches of impurities per ounce, instead of 416 ; another analysis (No. 13) of 
hydraulic main liquor, 162. Condenser liquor contains more, but still 
much short of the standard. Two different samples (Nos. 10 and 11) give 
818 and 825, whereas an analysis of washer liquor (No. 6) in one case 
gives 879. 

It will be noticed that several are over the standard of 416-^the one 
from a Mann and Walker's scrubber ^o. 7) showing as much as 687 ; 
but tfiis may be caused by there bemg no distillation test for this 
sample. I have little doubt, had such been the case, the flguzes would 
have been much reduced. Where the liquor has been distiJlod for 



b* noUMd tluit, on^ Umm eiteumituoai, thsj usvar rttwh hi^ur 
than 87t (Nm. 6 ud IS). 

EiUi'i pndflvd liaooiplo. IB) U »bcmt u pun u the hydTKiLlia maia 
liqaor, coDtaining otuy 16B onbic inchei of impuitiei per onnoe. Aiiotli«r . 
■iu^bU CNo. IB) giTes only 12B per onnoe, tne Bams liqnor hKTiDg oon- 
tained before S70. The hydranlio main liquor is always ireLlc in impniitiea, 
bom, I soppoie, the same reaaon that enablw Mr. Hilli to pnrify gaa 
liqnor — namely, by faeatitie it to something below boiling pomt, and to 
dri-ving off the H,S and CO,. The tempsiatnie of the Hanoi in the 
hydraulio mnit be eufBoient to pioTent the combination of tbeie im- 



Table No. S ii for the pnrpoBs of shoiriiig the wotIc done by the lionor 
in HiainB through eithn' trasher or Borubbei, as the case may ba. Tb* 
lUm eolomn ahowB cnbic inches of H-S removed ner lOIX) cubic feet of gaa ; 
the second column, the amannt of CO, ; and the third eolamti, the tm 
eombined. The fourth oolamn, whioh BhowB the work done, givM Uw 
cnbio inohee of impniitieii remoTed per 1000 feet of oas for tiwirj oanM s( 
■tiength the liqaor ineroaseB in paauDg through the TaanL The aaxt 
cdunm thoin the qoantitj o( liquor uaed pet 1000 teat et gM, and th* 
iMt two oolonmi iltow tha fl'""'?"<' BtreiigtA. 
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In eBtiinating the amount of work done by any liquor, the state of the 
gas must be taJEen into account ; for, if the gas is comparatiyely clean, the 
liquor will not do so much work. It will be noticed that the best results, 
in regard to removing the greatest quantity of impurities, are gained by the 
use of an excessive quantity of liquor. In experiment No. 3 in the 
table, as much as 10,797 cubic inches of impurities were remoyed per 1000 
feet of gas ; but, to obtain this effect, 8*4 gallons of liquor were used for 
the same quantify of gas, being about three times the total quantity of 
liquor produced from that gas. I, however, judge from this and other 
experiments, that, by the use of a large quantity of liquor, HjS will be 
most easily removed ; a longer contact being required for the combination 
of CO,. 

Experiment No. 6 shows this : A washer was filled with liquor, being 
equal to about half a gallon to every 1000 feet of gas passed through. 
The same liquor was left in the washer 24 hours. The liquor in this 
case removed more GO, than in the previously mentioned experiment. 
The gas beine, in both cases^ in the same state of foulness. If, there- 
fore, you could leave gas hquor in a washer without increasing its 
strength, it would ultimately become carbonated to somewhat the same 
extent as a lime purifier. 

The hydraulic main liquor contains, as other analyses have shown, the 
largest proportion of fixed salt ; the condenser liquor, the next largest 
proportion; and the scrubber and washer liquor, least. Here are a few 
examples :— 

Add Test. r>,-«tiUpd Twaddel 

02. i^ianuea. Doubled. 



Hydraulic main liquor . . . 
Condenser „ ... 

Do. „ ... 

Mann and Walker's scrubber . 
Livesey's scrubber-washer liquor 

Ditto „ 

Hills's purified liquor 

Do. 

Do. 



it 



ft 



8 

6i 
6| 

19 

11 

la 

6 

6 

10 



^i 




H 


7 




H 
^l 


7: 




23 




21 


13| 




21 






6 


6 







_ 




1 


11 




2} 



The last column shows most oonclusively that Twaddel's hydrometer is 
of no use for indicating the strength, and more especially will the dis- 
crepancy be noticed with purified liquor, the first on the list of that 
class showing a 6-oz. liquor to have no strength, this particular liquor con- 
taining little or no CO,. 

My conclusions as to the best way of working gas liquor are as foUows : 
— Should it be required to make the best use of the liquor, in the ordinary 
way of working, one point certainly to be remembered is to pass the con- 
denser liquor througn some efficient washer or scrubber, as this liquor has 
not genezally above two-thirds its proper quantity of impurities. Analyze 
the Uquor, to see if it contains its proper complement for its strength, and 
if it does, there is little use in working it over and over again, unless it is 
convenient to concentrate it for puntoses of carriage. 

To use the liquor for the removal chiefly of 00^^ seems to be rather a 
difficulty, for by keeping it in long contact with the gas, though more 00, 
is removed, less purifying work is done. 

The best purifying results, however, both as to HtS and C0«, are obtained 
b^ bringing the gas produced from a certain quantity of coalB into contact 
with from three to six times the quantity of liquor produced from the same 
quantity of coals, and at the same time subjecting the liquor to a con- 
tmuous purif^g process; or, in other words, the great tmng desired is 
more ammonia. This, of course, means a lar^e liquor purifying power, 
which is, however, in most cases, easy of adoption. Whether the purifi- 
cation of the gas will be improved by concentrating or distilling the 
ammonia is still an open (question, for, when strong ammonia is used, that 
impurity is so readily earned forward. To use gas liquor for the removal 
of the sulphur compounds seems to be a very difficult matter, for these 
reasons — ^The gas must be comparatively pure from COj, H^S, and NH^ ; 
the first two gases because the ammonia will not react upon the sulphur 
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oompoondB in their presence, and the latter must be removed in taking 
ont the two former. So that here is the gas, once pnrified, to be made 
quite foul again, and so render necessary a duplicauon of all purifying 
apparatus. 

The mere record of experiments in the form of tables is not an inte- 
resting subject to read a paper about, and I must, therefore, ask for your 
indulgence if it has proved somewhat tedious. If this has been the case, 
it is not the fault of the subject, which is both useful and interesting, but 
of the writer, who is anxious to have his conclusions sifted by your 
criticisms. 



Mr. Hunt said the members were much indebted to Mr. Marshall and 
Mr. Livesey for their papers. The subject of liquid purification was one 
of immense interest to gas manufacturers, and any information given 
with regard to it ought to be well discussed. With reference to Mr. Mar- 
shall's paper and the Hills decarbonating process, as practised by Mr. 
Livesey, he hardly understood the conclusions at which he had arrived. 
He stated that the liquor, after having been treated as Mr. Livesey did, 
contained very little tree ammonia, and that was hardly consistent with the 
fact that the ammonia so treated took up a certain amount of sulphu- 
retted hydrogen, and also that there was such a proportion of sulphu- 
retted hydrogen and carbonic acid liberated. So far as he had been able 
to study the subject, Mr, HiUs's process offered, for the present, the 
most practical solution of the question. With reference to the process 
patented by Messrs. Wallace and Glaus, the figures Mr. Marshall nad pre- 
sented were certainly ver^ tempting, and ought to induce them to give 
great attention to it; but in order to arrive at those satisfactory results, 
the anmionia sulphur process being such a success as had been stated, 
they were asked to introduce into gas-works an entirely new chemical 
process, which required really separate treatment and separate management. 
The difficulty was not witii regard to the treatment of the carbonic acid 
and the sulphuretted hydrogen, it was to obtain the source of fresh ammonia. 
There was nothing resJly new in Messrs. Wallace and Glaus's process with 
regard to the scrubbing, but simply with regard to the supplj of ammonia, 
and there was the difoculty. If uiey could show that their process was 
practicably workable and profitable, he had no doubt.it would be speedily 
adopted. 

Mr. GtoBE said Mr. Hunt had touched on an important question in con- 
nection with the application of liquids to purify gas, and had asked a 
question which he could answer — ^namely, how were they to provide the 
ammonia in the form in which it should become applicable to purifying 
purposes ? It was the misfortune of managers, abroad especially, to have 
great difficulty in getting rid of their residuals, and ammonia water was 
one of the greatest bugbears a manager abroad could have to contend with. 
Now, in dealing with the products some years affo in Valparaiso, his 
attention was drawn to the use of ammonia for purifying purposes, and to 
a way in which it could be readily applied. He nad a process by which it 
could be converted directly from the gas liquor into caustic ammonia, and 
he found it eventually so profitable wat he gave up its use as a purifying 
agent, and sold it to the silver reducing companies for the^ purpose of 
reducing silver from ores. He contended that the production ox these 
compounds from the residuals was to all intents and purposes a branch of 
a gas manager's duty. It was simply following out the principles he 
ought to act upon in dealing with the ingredients which he was brought 
in contact with in manufacturing gas. All coal contained certain elements. 
He dealt with one dass in manufacturing gas, and why should he not 
extend this skill and knowledge in dealing with that wnioh came after- 
wards. If that were done it was quite evident that, if gasmen would brixig 
that amount of knowledjg^e to bear upon these residuals which they did in 
the manufacture of gas, in that proportion would they extract the benefits 
their residuals were capable of rendering. He held that they had thrown 
away for many years that which they ought to have used from the com- 
mencement, or at least since they ascertained its value for the ptmpose of 
extracting those impurities which everybody cried out against. Whether 
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ihkj tkHofUa, the ^roe^ls trhioh he belieired io hk tiioti IbbtpU 
effleaeiotm— th&t proposed by Mr. Hilli-H>r that later one. in ^huh 
eottTerted th^ c&rbonie Acid of the gafl into oarboflate of iodft, ot in wl 
ever other form it was done, it was their dntr to search for thd sill 
taeftnti by which they conld accomplish the t^o^k they hlid to do, and 
earry it on to the best restilts. 

Mr. BnwiitDS (Tatinton) asked what delation did the quantittr of d&lt 
lo-st tibed bear to the ^utotity of bicarbonate of soda produced for sale ? 
it appeared to him that the cost of the salt wonld be a great item in the 
calculation. 

Mr. GEOitGB Andebbon said they had had that day a new chapter from an 
old book. It was some years ago since he asked them to look at washers, 
when they were all afraia of them ; and some years since he spoke of the 
purificatioii of gas by the ammonick contained in it, and he was glad to see 
Scientific men, who understood a great deal about chemistry, were trying 
to accomplish this. He did not think, however, that it was entirely a 
chemical question, because tiiey had had, for a series of years, scrubbed 
and washers of various descriptions, which had done a great deal of good 
to the gas; but did not sufficiently remove the impurities which they were 
put there to take out. His belief was that the reason why any impurities 
were left was that, first, the materials employed were not chemically correct, 
and next the mechanical appliances were insufficient. It was difficult for 
him to speak on this subject, because he was interested In it ; but he would 
not blow his own trumpet hiore than he could help. He had seen last 
winter a scrubber worked at the Yauxhall station of the ^hoanix Com- 
pany, and Mr. Marshall was acting as a chemical ejtpert In testing Its 
ftotion. He had h&d the privilege of being there several days in succession, 
and he found that that gentleman applied, at the outlet of the scrubber, A 
slightly reddened litniUs solution, and the gas passed through that con- 
tinuously for several days without showing a trace of duimonia; but there 
"^ds nothing running into the scrubber, for the purpose of removing the 
ammonia, bttt a little clean wate): to the extent of about 12 or 14 gallons 
I^er ton. I'herefoi-e it seemed to him that it was the want ot mechanical 
arrangement which permitted any of the ammonia to go forward in their 
scrubbers where water was used. In the scrubber to Which he reterired. 
the gas was divided up into the very smallest particles, and bv bringing It 
so intimately into contact with the purifying material tne whole of the am- 
monia was extracted. Mr.Wallaoe had spoken to him about this, because Hk 
also had seen the action of the scrubber, and he intended to use that in 
preference to the one shown in the diagram, with reversed angle irons. 
He had little doubt but that if well-purified Hills's liquor were tised 
through a scrubber such as he mentioned, you would get all the different 
grades of the liquor necessary to produce the result shown on the diagram, 
in this case the water went from the one to the other ; in the scrubber t^ 
whieh he referred there were five vertical divisions, each a wtiter-tight 
tank doing its o-^n work, and the water passing from the upper to the 
next, and so on until it came to the lower one. Another thing he should 
like to mention, although he knew it Was treading on dangerous ground, 
tie regretted that the gentlemen who had read papers had never once 
mentioned the nftme of Mr. Patterson, and they would not find a chemical 
paper on gas five years old without such expression in it. There were 
members who seemed not to know — although some went instinctively in 
the proper direction — ^the great necessity of removing carbonic acid ttom 
gas before beginning to purify it from sulphuretted hydrogen and othet 
sulphur compounds. It appeared to him, and he had studied the subject 
for 15 vears at least, that they were indebted to that gentleman for a veiy 
bed.utirul discovery, and he thought they ought to acknowledge or dis- 
pute it. The hestt point was, supposing you could, with Hills's liquor, get 
rid of carbonic acid, which was tne dimcultv— for the papers said that the 
liquor still contained a certain amount of carbonic acid—it was quite 
possible to remove the whole of the carbonic acid from gas by lime, and 
without producing Any smell. If you could not do it m that wav, yotL 
could not do it in large works in towns. He contended you could remove 
the whole of the carbonic acid, and the lime had no ttmeU a yard oit l&e 
purifiers. It was then a question i^lmply of iremovis^ tiii« Wilfte JfJdllft fsok- 
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lldiiilig the earbonlc Mid, which did contain at on« tiin« lulphturetttd 
liyAtog^ft, but whidh had all been driven off, and wafl now sunply car- 
bonate of limo. Ho would aftk any gentlemen who had anything to do 
With the tubjeot to let liquid puriiloation engage their attention moit» 
becauie it would be eelf-aoting, and would sare them aU a groat deal of 
trouble, and bring about the days so beautifully describea, when they 
would have so much healthfnlness and economy. 

Mr. GnoBaa Litbbbt said there were one or two statements made by 
Mr. Marshall which were not quite in accordance with his experience, 
especially that to which Mr. Hunt alluded, that by Hills's process of puri- 
fying ammoniacal liquor, you did not purify the liquor. Mr. Marshall 
stated that all the ammonia was combined, but he did not say to what 
extent it was combined. As his brother's paper had shown, it might bo 
combined with 400 cubic inches of impurities per gallon; but if 40 inohoo 
only were combined, it still might be said to be combined, although to a 
yery slight extent. He did not suppose one portion of ammonia would bo 
absolutely combined to its fullest extent, and all the rest in its free state: 
but the whole ammonia in the purifying liquor was combined with a small 
proportion of impurities instead of a large proportion. It was quite possible 
to depriye the ammonia of all its impurities, as he had seen over and over 
again, only it was not advisable to do so. It required a longer process, and 
it was cheaper to deprive the ammonia of three-fourths of the impurities, 
and so to work it over an extra turn, than to deprive it of the whole, and 
work it not quite so often. It was merely a question of economy. As to 
the only way of purifying liquor by Ume, as Mr. Marshall said, he was 
quite satisiied you could make rough caustic ammonia by the procoso ho 
was using. Now came another difficulty about the scrubbers. He had 
never been able to get clean carbonate of ammonia. Retain the liquor 
in contact with the gas as long as he pleased, one, two, three, or four days. 
the whole of the sulphuretted hydrogen would not be expelled. Ho haa 
found that they had put lO-oz. liquor into a purifyinff vessel, and 
the liquor contained, say, 1200 cubic inches of sulphuretted hy- 
drogen to the gallon, and a like quantity of carbonio acid; thev 
had kept that in contact with ^ for 48 hours, and its strength 
was increased from 10 to something like 80 os., but the sulphuiettod 
hydrogen had still remained at about 1900 cubic inches to the gallon, 
whilst the carbonic acid had increased to upwards of 10,000 cubie meheo. 
Still they had never succeeded in driving off the whole sulphuretted 
hydrogen. That might be explained in this way. It was not as if you had 
an absolutely pure substance to deal with. Would-be chemists often as- 
sumed that they were dealing with a simple substance instead of, as tfaoy 
were, with one of the most complex substances possible to find. The gas 
containing not only carbonic acid but also sulphuretted hjrdrogen, being 
brought into contact with this liquor, was contmually bringing a fresh in- 
crement of sulphuretted hydrogen to the liquor, and he could easily under- 
stand that sulpnuretted hydrogen would always be present. If vou brought 
carbonic acid only in contact, you might drive off the whole of the 
sulphuretted hydrogen, as had been proved in some experiments which he 
had tried. They ptuified the liquor by bringing it into contact with waste 
gas from the furnace, containing a large quantity of carbonic acid and no 
sulphuretted hydrogen, and deprived that liquor absolutely of every trace 
of sulphuretted h^rdrogen, so that it could not be detected by lead paper. 
But then came this extraordinary ciroumstanoe. The liquor, whien had 
been deprived of all carbonic acid when put into a scrubber, took out all 
the sulpnuretted hydrogen from the gas. That was an absolute fact. It 
was an incredible ntct, and he had never had it explained ; but it was a 
certain fact that the whole of the gas for six months was purified from 
sulphuretted hydrogen by this highly carbonated liquor, ae was afraid, 
unless somethii^ extraordinary were realized from Mr. Wallace's arrango- 
ment, they oould not expect to get pure oarbonate of ammonia. Am to 
the profit, it reminded one of the old estimates of Mr. Winsor, about a 
profit of 9d. per 1000 feet for gas sold from the carbonio acid utiHsod. 
They oould reduce the price m gas to about 2s. por 1000 feet, and otOl 
pay good dividends. Au he could say was, he s&ould be vmrj glad to 
000 it, bvt ho was a^Md thoio was some olomont omittod. It wm said 
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thftt there was aboat 2|^ per cent, of carbonic acid in gas as it Left the 
iorabbers, but he did not find that; and other engineers, with whom 
he had conTersed, informed him they did not find anything like so much 
as that after the gas had been properly washed. With regard to his 
brother's paper, he did not wish to say much. The tables would be 
found interesting, and the points to which special attention might 
be drawn were the quantities of impnrities that the U^nor would 
absorb. He did not think his brother wished to disparage, in any way, 
Mann and Walker's scrubbers, when he said he had not divided that by 
ounces, as ascertained by the distillation test. Still there was this fact — 
that they .had not nearly enough ammonia to purify the gas, and if they 
had to use it, they must use it five or six times over. He was inclined to 
believe it would answer the purpose to do so, but at anv rate he was quite 
satisfied it could be done. There was one other difficulty in using caustie 
ammonia; it was such an exceedingly volatile article, when in the caustic 
state, that the ^as carried it forward, and the great difficulty was to keep 
it in the purifymg vessels. You put lime into a vessel, and there it stopped 
xmtil you took it out, but you might put caustic ammonia in, and when 
yon looked for it it was gone ; and ^ou must use a large quantity of water 
to prevent the ammonia being carried forward. Mr. Hunmond told him 
of a process of his in which he applied the ammonia to the hot gas imme- 
diately on leaving the hydraulic main. In that state the caustic ammonia 
combmed with the impurities before it reached the scrubbers, and was 
washed out in the ordinary way. That seemed to be a promising way out 
of the difficulty. Still he was in good hopes that they should see light in 
this matter before long, and these experiments were all tending in that 
direction. 

Mr. Hunt said he did not intend to imply that it was not quite possible 
to obtain perfectly clean carbonate of ammonia in the first vessel, but 
he did not think it either desirable or necessary for Mr. Wallace's process. 
There seemed to be no difficulty whatever in eliminating the whole of the 
carbonic acid and sulphuretted hydrogen by the ammoma process. 

Mr. YsBNON Habcoubt wished to put a question to Mr. Frank Livesey. 
The chief value of the process seemed to be not the removal of the sulphu- 
retted hydrogen, which could not be better done than by oxide of iron, but 
the removal of tne carbonic acid. The important service which this ap- 
proximately purified ammonia could render was that of removing carbonic 
acid. There was a great chemical advantage in using that over lime, be- 
cause the quantity of ammonia which would remove a given quantity of 
carbonic acid could be produced much cheaper by this process than the 
quantity of lime which would remove the same amount. He wished to 
ask, however, whether it was found that, by the adoption of this process, 
it was possible at the South Metropolitan Q-as-Works to remove the 
carbonic acid from the gas as effectually as before with the use of a 
smaller quantity of lime ? That, he thought, was a measure of the value 
of the process as now used. One word with reference to what Mr. Q-eorge 
Idvesey stated as an almost incredible fact. It certainly did not seem to 
"him to be even surprising. If you took a solution of carbonate of ammonia 
and shook it up with sulphuretted hydrogen, you formed sulphide of 
ammonium, and set free carbonic acid. If, on the other hand, you took a 
solution of sulphide of ammonium and shook it up with carbonic acid, 
you formed carbonate of ammonia, and set free sulphuretted hydrogen. 
The fact was that the condition of the outlet would always resemble the 
condition of the gas which was mixed with it, or passed tnrough it. You 
could increase the proportion of carbonic acid, and decrease the propor- 
tion of sulphuretted hydrogen; but you would always have, if the gas 
contained both, some of both gases in the solution. 

Mr. Chandleb said he was no chemist, but rather followed in the foot- 
steps of Mr. George Anderson, and he might just make a statement with 
regard to the effect at the Bromley station. Mr. Marriott was conducting 
experiments with this solution for the purification of gas from sulphuretted 
hydrogen and carbonic acid, but he omitted to state the vessel in which 
Mr. l£hrriott was conducting this experiment. The apparatus in which 
this Marriott's solution was being tried was known as Eirkham^ Hulett, and 
Ohandler's washer. This vessel like his, had a number of divisions. It 
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WM a horizontal vessel, 17 feet long, divided into ten different bays, eaeh 
of which was charged with water to start with, and as the gas passed 
through, the water hecame strong liquor. 

The Pbebident, interposing, said wey were disonssing the principles of 
the papers read, not the details of different scrubbers. 

Mr. jSamxomd (Lewes) said he had reoentlj distilled some oaustie 
ammonia, and brought some in a bottle, and if any gttitlemen liked to 
examine it they could do so. It was readily produced by the process he 
had in work at Lewes. He not only took the crude ammoniacal liquor 
from the well and distilled it for the caustic ammonia, but he afterwards 
recovered the ammonia by washing in suitable vessels, and made a 
marketable product in the shape oi sulphate of ammonia. The process 
was very effective for the removal of carbonic acid and sulphuretted 
hydrogen. 

Mr. Andxbson asked if Mr. Hammond used lime. 

Mr. Haumond said he took the crude liquor and put it into boilers, and 
drove off the foul gases — carbonic acid and sulphuretted hydrogen to a 
very great extent — ^through acid in a closed saturator. He made a certain 
amount of sulphate of ammonia by the process, then shut the valves, and 
had a closed iron vessel capable of resistmg great pressure, into which he 
drove high-pressure steam. That expelled the air contained in the vessel. 
Then he mixed cream of lime in a tub, shut the steam from the iron 
vessel, and produced a vacuum, which sucked, from the top of the tub. 
the cream of lime ; the sediment was not drawn over, but the cream ox 
lime only, which mixed most readily with the water. High-pressure 
steam was again turned on, and the whole of the contents blown directly 
into the crude ammoniacal liquor with which he started ; then this was 
agitated in the boilers from which he made the sulphate ; then he opened 
a tap and passed the gas, not again through the saturator, but through an 
apparatus to regulate the temperature, and from that it passed direct to 
the hydraulic main, at the extreme end. He could put it into the extreme 
end of the hydraulic main, either in the form of a vapour or liquid, to 
mix with the gas ; it flowed readily past each dip-pipe, and mixed with 
the gas as it passed out. He produced a bottle of tne liquid, obtained 
directly from the apparatus before it passed away with the steam into the 
hydraulic main ; also a bottle of the liquid taken out from the hydrauUo 
main, the valve of which had been broken. 

Mr. F.LivESXT said that, with reference to Hills's liquor, it was very evi- 
dent it would do the work. The liquor, before it was purified, contained 
2076 cubic inches of HsS, and 867 afterwards. The carbonic acid was 
2002 cubic inches before, and 489 after, showing that Ihe carbonic acid 
was reduced to one-fourth, and sulphuretted hydrogen to less than one- 
half. Mr. Anderson had referred to Mr. Patterson. They aJUl knew Mr. 
Patterson did make a discovery that lime would not work unless carbonio 
acid was absent, and this was so well known that he thought it hardly 
necessary to mention it. It was also found it would not work when sul- 
phuretted hydrogen was present ; it would not take out the sulphur com- 
pounds if that gas was present in large quantities. Mr. Vernon Hfurcourt 
asked a question about the carbonic acid after passing tiirough the washers. 
They had found there was about one-half per cent., and sometimes less, of 
carbonic acid, and by that means they were able to do away with the 
carbonic acid boxes. After the washers, the lime, which the gas came in 
contact with, acted as sulphide to remove the sulpnur compounds ; if they 
did not use Hills's liquor they would require carbonic acid ooxes. 

Mr. Mabshall said they were working with Marriott's process with an 
ordinary 24-inch pipe filled with coke, and they had very good results. 
With regard to Mr. Anderson's observations, he quite agreed that this 
process was not entirely a chemical one — ^in fact, in his paper he had 
drawn particular attention to the mechanical portion. The angle plate 
was not a patent, and was open to any one who liked to adopt it. Mr. 
Anderson also said he used the litmus solution at the outlet of one of 
his washers. That was the ordinary acid process, and he found good 
results. He was sorry he had missed niLTniTig Mr. Patterson, but his name 
was well known. With regard to Hills's process they mi|^t discuss that 
for all time, but he was in a position to give an analysis of the figures 
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obt»mad from « boiler where it wua under triel. and the reiiili* ol his 
eiEperienoe were iheee— If the liquor wm not heated up to » oertein tem- 
perature, the action would not take place causing separation of carbonic 
acid, ammonia, and sulphuretted hydrogen. If you heated it a little more, 
the action did take place to a certain extent, but the washinff power or 
condensing power required to condense the gas again to tne normal 
temperature was Tery great; but in the sam^es that were taken, the 
ammonia existed in the ^e state only to the amount of '01084, 
«nd the rest as sulphide and carbonate of ammonia* In the face 
of these fi^^ures, he maintained ihat the action was not complete. 
Again, admitting it was complete, and that it did drive the carbonic acid 
into the carbonate of lime, would they be able to dispose of it ? There was 
no carbonate of lime in Kr. Hills's process. The sulphuretted hydrogen 
was driven forward as oxide ; in this the compounds of the ammonia aa 
STilphide of ammonia were used for taking out the bisulphide of carbon 
compounds. l£r. Haicourt's observations were somewhat similar to Mr. 
▲ndervon's— that it was not a chemical but more a mechaniosl change they 
had to turn to. Mr. Gore only told them what they already knew— that 
they must work up the compounds ; and any gas compaxiies who wanted 
to go into this operation would, no doubt, put in a clause which would 
enable them to start chemical works. But they need not do so ; they 
could sell the products to chemical works. Mr. Hammond's process 
apneared very feasible ; but he used milk of lime, and got carbonate and 
Bu^thide of calcium in the same degree, and this was most voluminous 
ana most difficult of disposal. What Ihey wanted was a process for doing 
away with the liquid sulphide of calcium, and only getting products which 
would be useful. As to looking at this matter only in a chemical point of 
view, he was not a chemist, but a gas-maker, and he really found that 
chemists were the most unpractical men. With regard to Mr. Hammond's 
observations that the first tower contained a mixture, and that the gsa 
coming into the scrubber contained sulphuretted hydrogen as well as 
oarbonie acid in considerable quantities, that might be so until you got 
a pomp, when you would displace the sulphuretted hydrogen. These 
experiments showed that over and above the sulphuretted hydrogen 
dnven off there was 0*66 of free sulphuretted hymgen left in in the 
Uqnor drawn from the first tower ; and it was not in combination, but 
existed chemically in the free state. Supposing the decarbonated ammonia 
did eontain sulplraretted hydrogen, it would not matter, because on being 
placed into the water-ti|^t vessel whereby the eajHbonate of ammoma wag 
driven off, you might so arrange the condensers that sulphate of ammieni«tt 
would be condensed in the first vessel, and the carbonate of ammonia 
driven forward in the last series, so that from them you ooukL draw off tlp# 
oarb<mate of ammonium, take up the sulphate in uie fimt, and pop th«k 
baek again to the gas, so that you would have no smell and no loss of 
sulphnnetted hydrogen. As re^urded the desulphurating liquor boxsL 
patented by Mr. Livesey, there was no doubt the hot funoce gases woM 
so warm up the gases, tiiat the amount of power required to cool the 
furnace gas would be a considerable item in the expense, and there would } 

be the objectionable carbonate of lime to deal with. The profits did seem f 

enormous, but they were given by the inventors, and when they came to 
look at the amount of carbonate of soda sold, he did not think they would 
be found very excessive. 

The Pbbsidskt said he should like to have said a few words with refer- 
ence to these papers, not so much with reference to the particular process 
which had been very lucidly explained by Mr. Marshall, as on the general 
question of purification by liquids. But he felt that any observationB he 
eould make would not outwei^ the consideraticm that they had very 
much more work to do, and as there were several papers yet to read, he 
would not detain the meeting. 
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THE CORRECT ESTIMATION AND VALUATION OF 
RESIDUAL GAS PRODUCTS. 

By Mr. G. E. Bavis (Manchester). 

The chemical examination of residual gas products has not^ as yet, for 
purposes of valuation, reached any stage of exactness. I know of no case 
where a gas-works disposes of its liquor at a fixed price of so much per 
unit per ton of ammonia, or sulphate of ammonia; but I do know of 
several instances where gas water is sold on this basis, by tar distillers to 
chemical manufacturers, to the obvious advantage of the former. 

G-as water is only valuable for the ammonia ^t contains, then why should 
not a rational s^tem of valuation be adopted, depending upon the amount 
of active material, rather than a system, barjbarous and empirical, like that 
of sellinfi^ the gas water at so mucn per ton of coal carbonized. 

To a chemical manufacturer there is a certain risk to run in buying by 
such a method, and it would be absurd to suppose that as high a price 
would be offered with a risk as without one, the buyer has the advantage, 
the seller the disadvantage. The same may be said of the method of 
selling per degree of Twaddel's hydrometer. Some books state that Ras 
water contains free ammonia. This may be the case, but I must con&ss 
that I have never been able to find it ; on the contrary, I have never 
found enough ammonia to saturate the carbonic acid and sulnhuretted 
hydrogen in proportion necessary for the formation of normal salts of 
ammonia. The acids have always been in excess. 

Mr. Child, in a paper read before you in 1876, pointed out the fallacies 
of the tests in present use ; but his explanation, m paragraph 5, is hardly 
correct. Gas water is of a greater specific ^vity than water, because it 
contains carbonate and sulf^hide of ammonia, and it is easy, on the large 
scale, to simply distil this off without lime, when a distillate is easuy 
obtained, 16*^ Twad., containing carbonate, bicarbonate, and sulphide of 
ammonium. The fixed ammonia remains in the still. The following 
e:cperiment will show this clearly : — 

Some gas water of 1*026 sp. gr., or 6^ Twad., was examined with these 
results — 

Per Cent. 

Ammonia by standard acid 1*270 

Ammonia by distillation with lime 1*700 

Carbonic acid 1*694 

Sulphuretted hydrogen 0*167 

100 c.c. of this gatf water were heated ; effervescence commenced at 182'^ 
Fahr. ; much gas given off at 206^ Fahr. ; ammonia and sulphuretted 
hydrogen evolved at 208** Fahr. : all effervescence ceased at 210^ Fahr. ; 
92 c.c. were left, which were made up with pure water to 100. The liquid 
was then 1*007 sp. gr., or IJ^ Twad., and contained — 

Per Geat. 

Ammonia by standard acid 0*85 

Ammonia by distillation with lime 0*79 

Carbonic acid 0*11 

Sulphuretted hydrogen Nil. 

Equivalents ammonia liberated, 5*41 ; equivalents carbonio aoid and sul- 
phoiretted hydrogen liberated, 4*06; formula of salt liberated (NBU4 (CO,),, 
u which fk UtU^ of the carbonio aoid was replaced by sulphuretted hydrogqii 
-r«OB#tiiatio&al water, of course, in addition. 

But to retum to the methods of estimation now in use. The Batoration 
of the £|^ wator by snlphuxio fudd should never be adm^ted «« a means of 
valuation ftt any gain-works, as Qm foregoing experiment^ proy^. The ^ 
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wftier, if sold by thifl test, would contain apparently only 1*27 per cent, of 

ammonia, whereas it really contained 1*7 per cent, or nearly 90 per cent. 

more. 
Having said so much against the methods now in nse, yon will be inquiring 

how should it be done ; and, in reply, I mnst say that first it is necessaiy, 

before fixing upon any method, to see what gas liqnors generally contain. 

The following is the result of an analysis of gas water which I made some 

time ago : — 

Sp. gr. 10S62 = 7i<' Twad. 

GnunmeB per Litre. 

Ammonia by standard acid 29*00 

Fixed ammonia 6*08 

Sulphuretted hydrogen 9*28 

Carbonic acid 81*46 

HypoBulphurons acid 1*21 

Ferrocyanic acid Traces. 

Siili)hocyanic acid 18*94 

Carbolic acid Traces. 

Gas waters vary much in their composition, but they always contain the 
above ingredients in more or less proportion. Some are rich in carbolic 
acid and very poor in sulphocyanides, while in others the ferrocyanide is 
so high that it would pay for extraction. 

The method I am about to describe is somewhat similar in kind to that 
proposed to you in 1876 by Mr. Child, with some little variations, which 
are necessary to ensure ease and celerity in working, and accurate results. 
The whole of the ammonia is obtained from the liquor under treatment, 
and calculated to sulphate of ammonia, in order to obtain a larger figure 
for valuation pun)oses, and I hold that it would be much more satisfactory 
to sell liquor, m future, at a fixed price per unit per centum for each ton of 
gas liquor sold. 




The above sketch shows the apparatus employed, which is of the 
simplest Mnd^measuring flask, 2m) c.c. ; a burette and two pipettes are 
also needed. Some milk of lime, 10^ Twad., a standard solution of sul- 
phuric acid of such a strength that 100 c.c. neutralize 5*8 grammes of 
pure carbonate of soda, and a standard solution of caustic soda of the same 
strength, with a solution of litmus, are all the solutions required. 
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In order to avoid the nfle of a balance for weighing off the ammoniaoal 
liqnor, I have constraotod the following table, showing the quantitiee to 
be taken in onbio centundtreB of liqnor at varioas degrees on Twaddel's 
hydrometer, to be equal to the 66 grammes which have to be taken : — 



Deg. Twad. 

1 

li 
2 

8 

I* 



C.C. 

66-67 
65-64 
65*84 
66-18 
66-02 
64-86 
64-70 



Deg. Twad. 

I* 

6i 

7 

7i 



C.C. 

64-56 
64-40 
64-28 
64-07 
68-92 
68-76 
63*61 



The operation can be better described by giving an instance. Gas liquor 
6^ Twad. 64 c.c. of the gas liquor (or 60 grammes) are taken from the 
sample by means of the pipette, and placed in the 250 c.c. measuring flask, 
tiien made up to the mark with water and well shaken. One-tenth of this, 
or 6*6 grammes are then placed in the distilling flask, A. and the cork con- 
taining the bulb, B, and the funnel, C, fitted to it as snown on diagram. 
The receiving flask, B, is then partially filled, as shown, with 20 c.c. of 
the standard sulphuric acid, which is run in through the scrubber, E, 
filled with glass beads. The acid is then coloured with litmus. 100 c.c. 
of water, and 20 c.c. of the milk of lime are now added to the distilling 
flask, the flask brought to a boil, and kept boiling for half an hour. The 
bulb tube, B, is placed as a safeguard against frothing, which sometimes 
happens during the boHing, anything condensing in this bulb runs back 
into the flask again. After the expiration of half an hour, all the ammonia 
will have been driven off into the flask, D. The apparatus is, therefore, 
disconnected at F ; the tube, E, well washed into the flask, D ; the standard 
soda solution added until the litmus remains neutral, and is no longer red 
nor blue. The number of cubic centimetres of alkali or soda solution 
subtracted from the 20 c. c. of acid used gives the per centage of sulphate of 
ammonia without any calculation. 

Thus 64 c.c. of gas liquor, at 6^ Twad., were diluted to 260 c.c, and 25 0.0. 
of this put into the distilling flask, and 20 c.c. of standard acid into the 
fladE, D ; 100 c.c. of water and 20 c.c. milk of lime were then added to the 
distilling flask, and boiled for half an hour. E was then washed down 
into D, and standard acid added, of which 9*9 c.c. were required; there- 
fore the gas liquor contained ammonia equal to 20*0 — 9*9 = 10*1 per 
cent, of sulphate of ammonia. 

Milk of lime is used because caustic soda is not without action upon the 
cyanides which the liquor contains. 

The following resxilts of the examination of gas waters may not be 
uninteresting : — 







Per 


Per 

Cent. 

NHsby 

Stand. 

Acid. 










Value 


Source. 


D«g. 
Twad. 


Cent. 
Sul- 
phate 
Am- 
monia. 


Per 

Cent. 

CO, 


Per 
Cent. 
H9S. 


Eqs. 
NBTsto 
COfl + 

H^S. 


Value at 

4s. per 

deg. 

Twad. 


at 
2b. 6d. 

^t. 
Col. 2. 


Stalybridge . . . 


«} 


6*5 


0'90 


1*330 


0*154 


1-45 


198. Od. 


138. 9d. 


Macclesfield . . . 


6 


80 


110 


1*410 


0-034 


1-97 


24 


20 


Bury 


5 


6-6 


1-275 


1'694 


0-157 


1-74 


20 


16 6 


Salford 


6 


9-6 


1-84 


2-110 


0154 


2-00 


24 


24 


Oldham . . . . 


6| 


9*0 


1-94 


3*056 


0-128 


1-56 


27 


22 6 


Stockport .... 


6 


6-8 


1-10 


2-300 


0-230 


1-09 


24 


17 


Runcorn . . . . 


i^ 


6*6 


1-00 


1-385 


0-018 


1-84 


22 


16 6 


Private Gas- Works . 


6 


101 


1*48 


2-508 


0-484 


1-22 


24 


25 S 


Middleton. . . . 


7 


11 6 


2-60 


3-984 


0-149 


1-61 


28 


20 


Blackburn . . . 


4 


7-6 


1-17 


1-560 


0-050 


1-86 


18 


10 


Ck>ngleton. . . . 
Duldnfield. . . . 


4 


7-76 


1-62 


2 040 


0-190 


1-88 


18 


10 4 


6 


11*48 


2-86 


2-750 


0*160 


2*00 


27 


28 8 


Bochdale .... 


4 


9'S8 


1-98 


2-620 


0-190 


1-77 


22 


28 5 
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Tk* maA •olanm ibowg tluit ih«ve wm no fcfe#imwon<» in Miy oltbtPy 
Hid ifaa latt two colnnuui show the Talnes; fiygt oftleiil«Uil 9^ 4s- iiF 
dema Twaddol per ton, the second at 2g. fid- per uiut per cei^t. «p 
Bolphate ol ammonia per ton of liquor deliyered into a Tn i mnfao tatfiri 
works — ^its present value. 

Turning to another residual product of gas-works — i.e., tar — ^I mair say 
that as yet there is no ready laboratory method for the valuation of this, and 
results ohtained in the laboratory would, I am afraid, be of but little use, as it 
held that some of the products obtained from a tar-still were not origi- 
nidl^ present in the tar, but formed in the still during the process of 
distillation by the action of some of the ingredients upon others there 
present. 

Last, though not least, comes the question of the analysis and valuation 
of spent oxides, and I must say that all the methods that have been em- 
ployed for this purpose (as a chemist I am almost asha m ed ta say it) in 
general use are, and have been, incorrect— grossly incorrect a^ times, 
giving no idea of the value of the article. Not only the available sul^hnir 
has been wrongly estimated, but a simple thing Uk» an ammonia estima- 
tioa has been so bungled over by many a chemist, that I have known 
serious commercial difficulties and wrangling owing to the faulty method 
the chemist employed. I cannot blame the commercial men in these 
matters, even though they are rather sharp in taking advantage of the lauU« 
of the " high '' or " low " analyst as may serve their turn ; but I do blame 
ehemists for not acquainting themselves more fully with the details <^ 
their subject, and this and many other questions of a similar nature only 
show one more clearly the deplorable state of technical chemistry in thig 
country, and show also how Uttle exertion U made by technical chemists 
to help to drag their profession out of the mire. 

In the Chemical Nmvs of Jan. 16, 1874, p. 80, 1 first pointed out that the 
value of spent oxide did not entirely depend upon the amount of sulphnir 
which it contained ; and it was customary then to perform the analysis 
by oaddizing the sulphur to sulphuric acid, and nnding the dijSterenoe 
between that as " total sulphur,^' and the sulphur existing as sulphates* 
This method was, however, abandoned for the bisulphide method, se it is 
called, which is most incorrect as a general method of analysis, tor, as a 
role, it not only estimates the tarry matter as sulphur, but it cannot show 
the variationfl in the quality of the article, which any test for teehniesi 
purposes should do. It is possible to make such a spent oacide ehew 
abundance of sulphur by the " bisulphide test," yet a vitnol manufacturer 
eeuld not produce any sulphurous acid by burning it. 

A test, to be of any value, should be such a one as would show e^em 
small variations between various samples, and one which would point to 
the exact amount of any injurious element introduced which would 
detzftst from the value of the spent oxide. 

After some years of experience in the analysis of spent oxide, I devised 
a method which overcame all difficulties, which is termed ''the combus- 
tion method." This method is very fully described in the Ch&miedl News 
for Oct. 26, 1877, p. 188,* and as it is rather a lengthy description, I will 
not weary you by going into details ; suffice it to say that the sample of 
oxide is first washed and dried, and then burnt in a stream of dry air in a 
combustion furnace. Though the process is very rapid, simple, and 
accurate, it could not be described so well as exemplified, and I should, 
therefore, be most happy to show any persons the process working, or give 
them any instructions so that they may work it themselves. 

It is not, however, necessary that a gas manager should trouble him- 
sell at all with sulphur analyses. I have pointed out in another paper 
that it is only necessary to determine the amount of oxide of iron in 
order to see whether an oxide is spent or not, the estimation of the suliduur 
mi^ well be left to the anal^oal chemist when the sample is to be edd. 

The moisture in spent oxides is very easily estimated. A given quaa- 
ti^— say 5 grains— is dried in the water-bath until it ceases to lose WQid^, 
whioh generally happens in about two hours. The loss in weight, iwa- 
pl^d by 20, gives the moisture per cent. 



• BeprodQoed in Jovbxal or Qa$ LzfBTiife, I^oy. 20, 1877, Vol, jQQC., p. 9Q2. 
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The ammoxua has now to be estimated. Spent oxides nsnally contain 
the following salts of ammonia : — Chloride, siuphate, f errocyuoide, snlpho- 
cyanide, and some prassian bine. Until qnite recently the nsnal plan for 
the estimation of the ammonia was to boil a weighed quantity of the oxide 
with canstio soda, in the flask before described, and collecting the evolved 
ammonia in standard acid. This method is extremelv erroneous ; for, not 
only ftTpm^nia from the salts of amirmnia is eyolved, bnt t^ ohami#t wk^. 
operates thns prodnces ammonia from the ferro and snlphocyanides, which 
these oxides often contain in abundance. 

Oidde, when spent, is valuable only for the salts of ammonia, which, being 
soluble in water, should be easily washed out. The sulphur present is, of 
course, also valuable. 

The only oonreet way to analysie i^e«t oxides for the ammenia tbey 
e^niain is as follows, the results being brought out a« sulphate fer 
Taluation purposes : — 

TeJn 6*6 grammes of the oxide for analysis, and plaoe it fer two hwin 
in the water-bath to dry— this is for the purpose of making it wash realil^, 
and to prevent the prussian blue from washing through the filter. Thif 
quantity is then digested with water, and the whole brought into a lUter ; 
tbe residue being washed until free from ammonia. The filtrate i» then 

Slaoed in the distilling flask, A, and the operation conducted precisely as 
escribed for gas water, the number of cubic centimdtres of standard acid 
used, less the cubic centimdtres of soda, (g^ives the per centage direct el 
ralphate of ammonia, without any calculs^on. On no account must the 
oxide itself be boiled with caustic soda, and those chemists to whem I 
have pointed this out all agree with me in this respect. 

I have lately had some eoirespondenoe with Dr. Voelcker upon thii 
subject, and he has given me permission to state that he finds my argu- 
ment ooireet, and also says that in future he shall always adopt 9)» 
method of washing out the salt of ammonia, and estimating the ammonia 
in the watery solution. 

Mx. Sdwabds asked if the ammonia could be estimated as chloride in- 
stead of sulphate. 

Mr. Daw replied ibU the aininonia could be estimated quite easily by 
idveral mea«is. It wm driven off, and fc»pt m aounonia. It ws« oaloubtai 
a« cilphate en pwpese to hwre a fixed fftaadwd ol valuation. 



SOME NOTES ON THE CONSITRUCTION OF BETORT- 

SETTINGS. 

By Mr. G. E. Stevenson (Feterborongh). 

The settixig of retorts has formed the subject of so mnch discoBsion, and 
been so ably considered in papers read at former Meetings of this Associa- 
tion, that I shonld not have felt justified in occupying your time with a 
paper on this question, were not the retort-setting so all-important a 
feature in the consisruction and working of gas-works, and one which, 
notwithstanding the attention which has been devoted to it, is still far 
from being exhausted, or even satisfactorily settled, either as regards the 
princi^s to be observed, or the form in which these are to be carried 
out. having myself obtained very satisfactory results from settings 
which have been constructed with a view of embodying, so far as possible, 
principles which I believe to be correct, I have ventured to bring forward 
a short paper for your notice, comprising a description of the settings and 
a statement of the principles I had in view in constructing them. 

In the first place, I will take it as an axiom that the primary object to 
be held in view in constructing a setting of retorts is to get as much gas as 
possible out of each ton of coal carbonized, of the quality prescribed by 
the Act of Parliament under which the undertaking is worked. This, 1 
think, all will agree with, for, though some may consider it undesirable to 
obtain so large a yield of gas per ton as to necessitate the use of cannel, or 
other carburetting agent, to bring the gas up to the standard quality, 
every one will see that, given a certain quality maintained, every 100 feet 
of gas extra out of a ton of coal is a direct gain, which may be estimated 
according to the cost price of the gas produced. 

I will also state my opinion at the outset, that no economy in other 
directions, such as a lengthened durability of retorts, saving of fuel, or 
cheapness of construction, will compensate for a reduced production of gas 
per ton of coal carbonized. 

Holding these principles in view, it appeared to me that the heat 
generated in the furnace of a retort-setting is often dissipated throughout 
a large quantity o( brickwork, which is introduced into the setting under 
the plea of being necessary for the proper support of the retorts. It is a 
common thing to see a very intense heat in the furnace of a retort-setting, 
and, at the same time, an indifferent one in the retorts. This is most 
commonljr the case with settings of seven retorts, in which the middle 
retort is situated immediately over the fire, and supported by a continuous 
arch having nostrils, through which the heated gases of combustion pass 
into the setting. The same thing exists in a lesser degree when the arch 
is not continuous, but divided by spaces, as where cross walls are used, 
and with the additional disadvantage that those portions of the retort 
which are left exposed to the fire are rapidly destroyed. 

The reason of this inequality between the degree of heat developed in 
the furnace and that attained in the setting itself is to be found in the 
absorption of the heat by the surrounding brickwork, and its dissipation 
over a large area of heat-conducting material; for, given a certain quanti^ 
of heat generated— that is to say, a certain number of heat units evolved, 
and the intensity of the heat developed will be in inverse proportion to 
tiie extent of the medium presented for its absorbtion. 

Now, I am aware that some managers are of opinion that it matters 
little how much internal brickwork a retort-setting contains, for, say they, 
the heat which the brickwork absorbs is given out again at a future point 
in the process of working, and a large quantity of heated brickwork acts 
as a reservoir of heat, giving out and taking in, according to the necessities 
of carbonization. This is only true to a limited extent, because fire-clay is 
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a bad oondnctor of heat ; and, whil« a portion of the heat absorbed by the 
brickwork may be imparted to the retorts in time of need, by far the 
greater part of it finds its way, b^ radiation from the surface of uie brick- 
work, through the damper direct into the main flue. With proper working 
arrangements, also, such a reservoir of heat presents no appreciable 
advantage, while the prejudicial effect of such construction, in <^1TniT^t■>l1T^g 
the intensity of the heat developed, is easily made evident. A little con- 
sideration is sufficient to show that it is not the total quantity of heat 
evolved which is the criterion of the gas-making capacity of a retort-setting, 
but the degree of intensity developed, or the pyrometrical effect of the 
combustion. Experience shows that a much larger quantity of gas is 
produced from a ton of coal if the distillation be conducted at a hi^h heat 
than at a low one, and also that if the value of gas as an illummating 
agent be expressed in pounds of sperm, a far better result is obtained with 
a high heat than with a low one, for the obvious reason that with a high 
heat much of the light-giving hydrocarbons is converted into permanent 
gas, which would otherwise remain in the residuals. In addition to this, 
the higher the heat, the shorter the period required for carbonization, and 
the greater the work done b^ each retort within a ^ven time. 

what we want, therefore, is to get a degree of mtensity of heat in the 
settings more nearly approaching that of the furnace, and the way to do 
this is to oppose as little obstruction to the passage of the heat to the 
retorts as possible, and to present to the currents of neat the least possible 
absorbing surface other than that of the retorts themselves. 

In carrying out these views, so far as the form of my retort-settingB 
would allow, I altered four settings last year in accordance with the 
drawings exhibited. The retorts in this setting are oval shaped, 9 feet long 
internally, and 21 by 15 inches in section, and the setting are placed baS 
to back in the centre of the retort-house. The alterations made in tiie 
setting of the retorts were as follows : — ^In the place of arches under the 
centre retort corresponding with the cross walls, I set the retort on a 
saddle. A, constructed of four blocks, each 1 foot 9 inches long, and butting 
together, the joints being situated over the cenlare of each tnmsverse sup- 
port. The transverse supports are carried up from the sides of the furnace 
and projected over in courses, each course projecting 1^ inches, the pro- 
jecting courses being constructed of blocks 9 inches square and 8 inches 
thick. The unsui>ported central portion of the saddle is 9 inches in width. 
The saddle is 4^ inches thick at the centre, and is rounded at the sides, 
between the supports, to obviate cramping me passages for the currents 
of heat. 

The side retorts are supported by blocks, as shown, and the u] 
retorts rest on saddles placed upon the middle retorts, and a brick on 6««^ 
pier placed between them. The spaces between the lower and upper sic 
retorts are blocked by a single course of bricks set in the centre Ime of the 
retorts. The blocks, H, stop the passage of the currents of heat to the 
■ides of the setting except for a length of 14 inches from the back wall, 
where they are discontinued. 

The flues under the lower retorts are divided by a midfeather for the 
better support of the retorts, but the draught is taken through both divi- 
fdons in the same direction simultaneously, there being a communication 
to both sides of the flue at the front end as shown. These flues deliver 
the currents into a back chamber, 1 foot wide, in which they ascend to the 
main flue at the top. There are three sets of transverse supports, each of 
which is 9 inches thick, and the spaces between the supports are about 
1 foot in width. 

The furnace of this setting is 1 foot wide at the bottom, and 18 inches 
at the top; it is filled with fuel to a depth of two feet, and has a capacity 
of about 10 cubic feet. The fire-grate is 8 feet long, and reduced by the 
dead plates at the side to a width of 9 inches. The two fire-bars are of 
1^^ inones square iron, and the spaces left for the passage of air are 2 indies 
wide. There are two furnace-doors, the upper one for filling and the 
lower one for clinkering, and an inclined dead-plate 10 inches long is 
fixed between the door-frame and the fire-bars, which hinders the fierce 
combustion of the fuel in close proximity to the famaoe-doon. The 
front wall of the setting is 14 inches thick. 
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ThftirMftiMAbyiliiMMttiiigstf as f oUvirs i-^Saek wtttet* 
Ml WDik, ctfWnitfes Si «mui •! eoal in Si li«aft, ftiid |tt » ii i L 8i t rtWil 
tMODfi«t«f cM,erfOOOlMrtp«tnotttlipiice. Thaehtgtiw ft fcti i ti^wl. 
•Mhy Mkd of !▼• honn dumbon. Tbi a^vrtM qwuiii^ of M (Mdttott 
te ntlior mora thAn lOJBOO leoi (afrerfttfe of hafi yoar ott&f Pm. 81« 1077, 
Miudled 10,680 feet) per ion of eoi£ and the qnality^ilie fat i^boM 
10 eandlea, ae teated bj Sugg*! No. 1 "Londoa" Irainer. The eoal eais 
iMnnsed Is exehuiTeily Sflkatone ooal, no eaimel ii^tever limbing lM«tt tu^ 
The fuel aeeoost la 88 per cent, of the coal carboaiied, aa iraig^ied into 
tlie fonaeea. 

Before the aettingi were aUered to the peeent deafen, tiie retoarta fren 
•et with arches orer the fornace, and with tonr eroBB wwa, the walls and tii0 
spaces between them being alike 9 incheswide. The position of theretorta 
was the same, and the furnace was ci the same dimensions, etoept as regaida 
depth, the arch preTenting it from being so deeply filled as at present. 
The arerage ma&e of gas was then abont 10,900 feet per tcm, and 4000 feet 
per monthpiece per diem, the fael aeeonnt being 96 per cent. As oat of 
aeren settmgs employed daring last winter onlj foar were constrootad 
on the new plan, the resalts which I hsTe giTen may be eonsideMd 
tt» be bdow what coold have been obtained if all the aettings at 
wcA had been of the new design ; bat they are sofficient to show tiie Im- 
proTement gained as the resalt of the alteration, and to profe oondaaLvaly 
«i«t an excess of brickwork in a retort-setting is prejadieial to the attain- 
ment of good resnlts. 

In ortbr to show how groondless is the sapposition thAt it is neces- 
sary to haTO plenty of brickwork to act as a reservoir of heat to 
efiialise the heat of the retorts according to the stress put npon 
tfaem> I will jost mention that the retorts in my setting heat qnito 
luiifiMmly, the bottojgpi retorts being equally hot with the upper onea, and 
tilers is no appreciable variation in the heat at any time daring the 
94 hours, except jost after clinkering, when a slight reanetion takes plaoe. 
The retorts aro cnarged in three separate lote at equal interrals in the 
fiire hoars, and thus a uniformity is maintained in the worik 'whkHi tiie 
setting has to do. 

The resulte obtained by these settings are not Tery extraordinary 0r 
•ttrprising, but I think that I may claim for them that they are good 
resulte, and such as may be taken as a tery fair standard of what a retMt- 
settins ought to perform. This being the case, it may be of interest to 
note we proportions which the area of retort surface bears to tiie coal 
carbonized, and the proportions of the furnace and flues in relati(m to the 
s^mie, and therefrom deduce some rales for future guidance in the setting 
of retorts. 

In these settinp, the area of heated retort surface may be estimated t,t 
860 square feet; m Tnaking which calculation I tiJce the circumforenee of 
the retorts at a line passing round the retorts midway between the inner 
and outer diameters, and I sdlow something for that ]K>rtion of the retort 
next the mouthpiece, and embedded in the front wall of the setting. The 
quantity of coal carbonized in these settings in 24 hours I hsTe steted to 
be 8} tons. This is about one ton per 100 square feet of retort surface, 
and as from each ton of coal 10,600 cubic feet of gas are produced, ea^ 
square foot of retort surface produces r&ihei mors than ICX) cubic leet of 
gas in 94 hours. 

The quanti^ of coke consumed as fuel in each furnace is 16 cwt., or 
1V99 lbs. per day of 94 hours. As coke contains 90 per cent, of carbon, 
this is equivalent to 1613 lbs. of carbon burnt in 24 hours. One |K>und Of 
carbon requires the supply of 2*66 lbs. of oXygen for its combustion, and 
aS in the atmospheric air there are 8*88 lbs of nitrogen to each pound of 
oxygen, 11^ lbs. of air will be required for each pound of carbon, or 

' ^^ s 19*88 lbs. of air supply per minute. One pound of air is 

equal to Id'OS cubic feet in volume at the normal atmospheric pressure, 
therefore, 167*8 cubic feet of air must pass through the fire-bars per 
minute, or rather less than 8 cubic feet ^r second. The area of the fire- 
grate is 8 square feet, and that of the air spaces in the same is 1| square 
feet ; the air, therefore, passes into the furnace at a velocity of 2 feet per 
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ll«Mid. Thl inlfe nnder the bottom retorts hftTA ft collaetiTft arift of 
I| Iqtftftrft fM. {h#r«lorb equal to thai of the air spaeei in the flre-gratc. 

Th6 flrlti^hf in ihd furftac^t il tttii&tii^iitt to orekt« ft thorough combtit- 
noh atid k irery intense heat, bat no roaring i$ h^ftrd, atld tntfte is no 
entting ftWay the brickwork or retorts at points #hete iingles otfetir, or 
^bHiraetions takb place iti the air passftges. From experinietttB made, I 
HftTe fbund the draught in the furnaces to equal a Yacuum of 0*07 of an 
inch of water; in the bottom flues it increases to 0*12 of an ihch, and In 
ihto mftin flue it is 0'20 of an inch. The dampers are kept open about 
8 inches in the regular eoutse of working. 

From these paiticulars, the following rules for approximate proportions 
in the construction and working of retort-settings may be deduced : — 

1. A retort-setting should carbonize one ton of coal per 100 square feet 
of retort surface per diem. 

2. ETer^ square foot of retort surface should produce 100 cubio feet of 
gas per diem. 

8. The capacity of the furnace should be regulated by the extent of the 
retort surface to be heated, and, when coke is used for fu^ may be 
ascertained by dividing the number of square feet of retort surface by 88, 
which will give the capacity of the furnace in cubic feet. 

4. The retort surface divided bv 100 will give the area of the flre-grate, 
and the flre-bars and spaces should severally occupy half this area. 

6. The flues, under the bottom retorts, should have a collective area 
equal to that of the fire-grate spaces. This should be the case with all 
openings for the passage of the heated gases, except the opening into the 
main flue, where the damper is situated, which, if the chimney be of any 
considerable height, need not have so large an area. 

6. To heat 100 square feet of retort surface, 1 cubic foot of air supply per 
second is required, and the main flue and chimney, as well as the retort- 
settings, should be constructed with due regard to this principle. 

As a practical remark, in addition to the above rules, it may be said that 
to obtain a uniform heat in a retort-setting, it is important to have plenty 
of room in the setting for the passage of the currents of heat, and to allow 
ample area in the fire-grate and flues. When this is not the case, an 
unnecessarily strong draught is required to be exerted by the chimnev to 
assist the combustion of the fuel, and the outtine draughts in the flues 
which occur rapidly destroy the retorts and bricKwork. The heating of 
the retorts is also irregular, those situated immediately over the furnace 
being very hot just in tne middle, and those at the sides and bottom beins 
indinerentl^ heated. It is also important that the front wall, and aU 
other extenor walls of the setting, be as thick as it is convenient to make 
them — ^14 inches being much better than 9 inches for the front wall of a 
retort-setting. 

In conclusion, permit me to say that, although I have defined in the 
above manner some of the proportions to be observed in the construction 
of retort-settings, I do not put 'forward my setting as a model, represent- 
ing the best form of retort-setting, nor do I imagine the proportions given 
to be the best attainable, or even existent. How wasteful of fuel the pre- 
sent svstem of setting and heatin|^ retorts is, may be perceived when it is 
said that, although the pyrometnc effect of coke is theoretically about 
2200° C. (4664'' Fahr.), in practice about llOO*" C. r2882<' Fahr.), or just half 
this effect, is obtained in retort-settings ; and, oi the heat produced, not 
more than half is made use of, for the gases of combustion leave a retort- 
setting, and escape into the main flue, at a temperature between 600® and 
eOO^ 0. (1000«» to 1200« Fahr.) 

Still, so long as no better s3rBtem of carbonization is known, I believe 
that muoh may be done to improve the existing one, by ascertaining and 
defining the proportions which should be observed in the construction of 
retort-settings, as well as by inventing new methods of working them ; and 
if I have been enabled to add the smallest quota towards the aooomplish- 
ment of this end, my purpose will have been attained. 
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Mr. WiLBON said he had not heard the whole of the paper, and could 
only jndge by the diagram and conclnding portion that a very important 
matter had been taken np. The diagram represented a furnace with 
npper and lower doors — one for firing and one for clinkering— and he 
supposed the carbonic oxide would be oonyerted at the top of the furnace 
into carbonic add. The only question with him was in how far those 
furnaces were tiie best for practical use. He found in practice that the 
seTenth retort was an element of weakness, and that a very strong heat in 
the combustion chamber oyer the furnace had the effect of quiouy burn- 
ing out the support of that retort, and the other two at the top being 
dependent upon it, the setting fell down. With six retorts instead of 
seyen, he thought it would be a very successful setting. He had built one 
which very much resembled it, and had every reason to be satisfied 
with it, but he had not brought it before the Society, because he did not 
know how far it would be successful. 

The President suggested that Mr. Carpenter's paper should be read 
before the discussion was carried further. 



IMPROVEMENTS IN CARBONIZING APPARATUS. 

Bj^ Mr. W. T. Carpenter (Sheemess). 

The subject of improvements in carbonizing is one that every gas engi- 
neer is more or less interested in ; and although much has been said and 
written ou the subject of mechanical stoking where machinery has been 
made to take the place of manual labour, I am not aware that a paper has 
been read touching upon any of the points relative to the apparatus here- 
after to be explained. 

It is not necessary that I should give a full description of all the retorts 
and ovens that have been designed and patented, used and in use, and the 
various processes for carbonizing coal for the manufacture of illuminating 
gas. Such a course would occupy too much time. I, therefore, intend 
only to treat upon those methods which may be necessary for reference. 
Many persons, besides gas managers, have been engaged on this subject, 
and have had fancies for novelties, upon which large sums have been 
spent in the construction of apparatus; to convert coals into illu- 
minating gas, and likewise reduce the cost of production. 

In the earliest days of gas manufacture, the attention of engineers was 
given to the importance of economjr in the retort-house, with a view of 
reducing the heavy, hot, and exhaustive duties of the stokers engaged in 
drawing and charging the retorts. With this object, Clegg introduced his 
discharging and revolving web, on which the coals were made to pass 
through the retorts by means of a flat iron chain ; and although it is 
recorded that excellent results were obtained both in quantity and quality 
of illuminating gas, the scheme was abandoned on account of the destruc- 
tive nature of the hot coke on the iron chain. This system was continuous, 
and came very near to perfect carbonization. 

A Mr. Hobbins, of Walsall, also patented a system of through retorts, 
where a series of rakes were used to level the coals, and push out the coke 
but, as with Clegg's revolving web, the heated coke destroyed the rakes, and 
not finding it so economical as was expected, it was abandoned. 

We have it also recorded that Mr. Brunton, when Engineer of the 
Birmingham Gas- Works, had a discharging system of retorts, whereby 
the coals were thrust into the retort, the coke ultimately falling into a 
water cistern, from whence it was collected. The inventor had 60 retorts 
at work on this system at one time, and claimed an increase of 85 per cent, 
in volume, also a saving in labour. The important increase said to have 
been obtained by these pioneers in gas manufacture must not be too 
lightly passed over. Had these statements been made at the nresent time, 
with clay retorts worked at high heats and with improvea exhausting 
machinery, the surprise would not be so great; but we may infer 
that, as iron retorts were used in both Clegg's and Brunton's svstems, 
there are some reliable data for the inquiring gas engineer to work upon, 
and we have as recorded certain facts which lead us to believe that the 
last-named processes were only partial failures. We, therefore, find there 
is still room for improvement m the retort-house, for the stokers have 
yet to perform their duties. It is true, machines and improved stoking 
tools have been introduced and placed into the stokers nands, but the 
work of drawing and charging the retorts has still to be performed. 

The advantage to be derived by the use of machinery is obvious, and, 
whether in gas-works or any other manufactory, its introduction is with a 
view of reducing the heavy labour and cost of production. How far this 
can be carried out in the retort-house is a matter yet to be solved, and 
it behoves the gas engineer to introduce machinery wherever it is 
practicable. 

I have for mai^y years directed my attention to the subject of improve- 
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menis, and have constmcted an apparatns which promises to go far to- 
wards reducing the heavy labour of the stoker, having the novelty of being 
nearly self-acting and continuous, having gravity for its principle, giving 
equal results with less labour, and accomplishing the most disagreeable 
part of a stoker's duty. 

The apparatus consists of a double bench of retorts and oven combined, 
the retorts being open at the back end, and communicating with the 
toven into which the coke is discharged, and where, after remaining some 
time, it is allowed to fall out. 

The engravings show a Front Elevation, Side Elevation, and Transverse 
Section of the apparatus. A is the hopper, into which the coals are 
placed; B is a puUey ; C is a vertical shaft, with arms, to keep the coals 
from clogging; and I) is a worm on the driving- shaft. E is tne mouth- 
piece, and FF are wheels which give motion to the screws or regulators, 
A X. H H are the retorts, and 1 1 are the openings pierced in the retorts for 
the exit of gas to ascension-pipe. J is the oven into which the coke is dis- 
charged ; K is the main flue which heats the oven, and L and N are educ- 
tion-pipes for carrying off the gas. M is the coke outlet, into which is fitted 
a door, opening downwards. 

The action of the apparatus is as follows : — Coals are placed in the 
hoppers, and descend into the mouthpiece, and falling on the screws are 
gradually pushed into the retort, becoming soft by means of the heat, and 
forming themselves into the shape of the retort. They thus completely 
fill the small end, and keep back the gas ; and as the coals are screwed, 
into the retort the charge assumes a shape, so as to half fill the interior 
area, the gas finding its escape by the outlet, I. The motion is con- 
tinuous, and the charge reaching the end of the retort becomes coke 
of a iraple nature, falls into the oven, where any gas remaining 
in it is driven off, and escapes from the top of the oven by the pipe, L. 
After the coke has remained in the oven some time, it is allowed te fall 
out, by opening the door for that purpose. The door is then immediately 
closed in readiness for the next charge. 

The apparatus having been practically at work at different times, oppor- 
tunity occurred for testing its merits. The trials were conducted in the 
following manner: — ^All other retorts were struck and drawn, and the 
valves shut, the index of the station-meter taken, and the hoppers filled 
with coals. When the apparatus had been at work for the time appointed, 
the index of the station-meter was again taken, coals Weighed to refill the 
hoppers, and the coke discharged and carefully measured. 

Trial No. 1. — Time eight hours, exhauster worked at 3-lOths pressure in 
retorts, the hydraulic dip dispensed with, and bye-pass in use. Coals 
carbonized, 12 cwt. ; gas registered, 6210 cubic feet, or 10,350 cubic feet 
per ton ; coke discharged, 21 bushels ; illuminating power, 13| candles. 
When this trial took place the apparatus had been at work 29 days. 

Trial No. 2. — Time eight hours, exhauster worked at 2-lOths pressure in 
the retorts. Coals carbonized, 9^ cwt. ; gas registered, 5200 cuoic feet, or 
10,947 cubic feet per ton; coke discharged, 18 bushels; illuminating 
power, 14 candles. 

Pelaw Main coal was the description used. 

There is a speciality in connection with this apparatus, to which I beg 
to call your attention — ^viz., the principle on which it is constructed — 
that is, gravity; for on the coals being once placed in the hoppers, which 
can be done by means of a Jacob's ladder or elevator at a trifling cost, they 
are kept continually moving untU they reach the oven. This moving 
causes the gas to escape from the interior of the charge, greatiy facilitating 
the carbonization of the coals. 

It is not necessary to crush the coals, as this must be regulated by the 
pitch of the screw. For instance, a 4-inch pitch will take a piece of coal 
the same size, and in well-regulated gas-works no larger pieces should be 
used in any process. Should it happen that a larger piece finds its way to 
the screw, it will get crushed by it as it revolves, or it slips the screw out 
of action. This circumstance will be seen by the man in charge, but it 
seldom happens, and is soon remedied. 

Again, the manufacture of coal gas, under any process, deposits a layer 
of carbon in the retorts, and to remove this carbon is generally a difficult 
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task, and not a few retorts are injured and destroyed by the process. Ji 
not injured by the chipping bars, the retorts are allowed to stand opetu 
exposed to the atmosphere for several days, in order to bum it off. Should 
it be necessary to clean the carbon off in this setting, the front plugs arQ 
taken out of the mouthpieces, and the charge pushed down into the oven 
and discharged ; the door is then left open, when a strong upward current 
of air passes through each retort, and the carbon is effectually removed 
in a few hours. 

I have simply stated these facts, to elucidate, if possible, the advan- 
tages of the system. 

In conclusion, I may state that the apparatus is erected at the end o| 
the retort-house — a great distance from the engine — ^motion being trans* 
mitted by means of ordinary chains and pulleys. Very little power is 
required to work the setting. 

To better illustrate the system, there is a model, and a screw which has 
been used during the time the setting has been in action, both of which 
you may inspect, also a sample of coke. 

[The discussion which follows has reference to the paper by Mr. Q-. E. 
Stevenson, on " Some Ndtes on the Construction of Aetort-Settings,^' 
as well as to the above paper.] 



Mr. Babbatt (Grantham) said there were several questiong required to 
be asked with regard to Mr. Stevenson's setting. This was the very life 
of their system. They either lived by a proper application of their 
retorts, or died by the abuse of them ; and it was essentially necessary 
to ascertain whether there was any advantage in this method or not. He 
thought a great deal would depend on the qufuity of the coal used ; and their 
Scotch brethren had an advantage here, because they had a better quality 
of coke from the north country coal, which would evolve a greater quan- 
tity of heat than any other coal. If these retorts could be set in such a 
way that they would last for a considerable time with a minimum quan- 
tity of coal per ton carbonized, they would be in a position to judge of the 
benefit of the system, and no one could confer more benefit on the Asso- 
ciation than by bringing out the best system of setting retorts. 

Mr. GoBE believed that every disease required its own remedy ; and so 
every class of coal would require a special system of treatment; as the 
system which was perfectly applicable to one class might be perfectly 
inapplicable to another. He thought it was from this fact that they had 
such conflicting statements made as to the results obtained. It was quite 
certain that all the coal-fields of England produced coal which might 
manufacture light-giving gas ; but the quantity of it would vary, to a great 
extent depending on the position of the stratification of coai and the 
source from which it was obtained. Suppose they had a retort-setting of 
that class, and had to deal with some otthe cannel coals of Scotland, the 
necessary consequence would be that, instead of getting from 10,000 to 
11,000 feet per ton, which a Scotch manager would expect to get, he would 
probably get no more than 7000 or 8000 feet, simply because tne amount of 
heat necessary to evolve the gas from its cells in the coal was not sup- 
plied rapidly enough. Again, they might be in a district where the gas 
was the product most required, and where they could afford to expend an 
extra bushel or two of coke with advantage. It was quite certain that a 
furnace which would consume a lar^e quantity of coke, and give out a 
greater quantity of heat in a given time, was more 'applicable to such a 
district than one with slower combustion, less product of heat, and, con- 
sequently, a smaller result during that given time. In judging, therefore, 
the value of any system of retort-seliting, they must be ^ided by a variety 
of circumstances, and thus the engineers of each locality must select for 
themselves. He was satisfied that if they would deal with this matter on 
a different footing from what they had hitherto done — ^if they abondoned, 
to a certain extent, the " f ollow-my-leader " principle in usine any system, 
and were only guided by the lessons it taught, they would gain great 
advantage. Mr. Carpenter had read a most valuable paper on continuous 
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carbonization, and there were circumstances where such a system miffht 
be of inei timabie yalue. It seemed that the coke produced from such a 
■yttem would be of little value; but there might be places where 
coke was only of secondary importance, and the light eyolYed of great 
importance. So that the two systems, idthough diametrically opposite to 
each other, would have advantages which were well worthy of attention. 

Mr. West (Maidstone) desired to thank Mr. Carpenter for the long 
time and attention he had given to this subject. He had spent a great 
deal of time in working out what he thought would be the most perfect 
system of carbonization, and he was not in a position to say it was not 
■o, for though he was to some extent opposed to him, still he thought he 
waA on the right tack. Whatever invention was brought forward, the 
most important work of a gas manager was that of carbonizing coal in 
the retort. Mr. Carpenter had spent a great deal of time and money on 
this matter, and anything he had said was worthy of great considera- 
tion. He referred to the pressure on the retorts, and that was a very 
imi>ortant principle. In many London and large provincial works they 
worked witn a vacuum, and he thought the right principle was to keep the 
pressure in the retorts as light as possible, say an eighth or a quarter of an 
inch. The question of retort-settmg was no doubt an important one, and 
bore on the manufacture of retorts. Some men might have retorts which 
would not last half the time that they did with others. How was that ? 
Because one might work with a vacuum and the other with pressure. If 
one worked under the least possible pressure he thereby not only got the 
volume of gas from the coal, but the full illuminating power. With regard 
to Mr. Carpenter's apparatus, the questions of cost and wear and tear 
would arise. No doubt the best retorts were often put into arches and 
destroyed in a short time, and the manufacturer was sometimes blamed, 
when in all probability he did not deserve it. He held that they should 
work under pressure, and see that the furnaces were properly kept up, 
and then no doubt, as a rule, they would get more gas and a higher 
iUuminating power. 

Mr. Stevenson said he was pleased that the remarks which had been 
made were of a nature to widen the field and call for considerable attention. 
He desired to express his great pleasure at hearing of the new method 
brought forward by Mr. Carpenter, which he believed was a thoroughly 
good thing. It reminded him of the invention of Messrs. Porter and Lane, 
who proposed to carbonize coal in retorts by means of a screw. They set 
their retorts vertically, and experiments were made at the Horsef erry Boad 
station ; but there they failed, because the screw, which was of cast iron, 
in several pieces, would not stand the heat. Apart from that, the principle 
was sound and the idea good. In Mr. Carpenter's arrangement that evil 
was remedied. 

Mr. Wilson said a few years ago he patented an invention very much 
the same.' 

Mr. Stevenson said with regard to his own paper, the first speaker re- 
ferred to the seven retorts as not being so good an arrangement as the 
six, and as far as the combustion of fuel was concerned, and the dropping 
out of the retort, he quite agreed with him. For many reasons he pre- 
ferred the setting of six, but his settings were arranged for seven before, 
and he thought his best plan was to do what he could with the seven. 
There was economy of space in this plan, and the middle retort did not 
in this system, to any appreciable extent, diminish the heat of the others. 
He had not attempted to introduce atmospheiic air above the furnace 
doors to consume the carbonic oxide that might be formed, but relied en- 
tirely on the air spaces in the furnace, and he believed that no carbonic 
oxide left it unconsumed in any form. The draft was not great, and there 
was plenty of time for the gases to be converted into carbonic acid. With 
regard to the class of coal used, no doubt different coals gave different 
results ; but he could not understand what Mr. Gore said about his .setting 
not being able to carbonize Scotch coals. He was not acquainted with 
Scotch coals other than the Scotch cannels; but in ordinary settings they 
could carbonize cannels as well as ordinary coal, and it was continuously 
BO used. His aim had been to get i higher heat, not to reduce it ; for he 
did not think it possible to go to 1 do high a heat, having regard to the 
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illaminating power of the gas. It mi^ht be a question whether it wm de- 
sirable to use cannel to get a certain illnminating power ; but the better 
and quicker it did it, the more economical it was. He used Silkstone eoid, 
but he believed the setting would give equally good results with New- 
castle. With regard to the pressure, he used an ordinaiv dip-pipe set to 
14 inches. He drew 1 inch vacuum, so that there was half an inch pressure 
in the retorts ; and as the connections and main were of ample size, he 
did not think that the pressure was any more than that shown on the 
gauges. 

Mr. Cabpenteb, in reply, said there was no opposition between him and 
Mr. West. If that gentleman would only employ a steam-engine to work 
his apparatus, instead of manual labour, no better system could be pro- 
duced. He believed the apparatus he had described could be erected for 
J^25 per mouthpiece from the foundation to the top. Of course, the 
elevator or liftmg apparatus would do for a whole retort-house. With 
reference to Mr. Gore's remarks about a continuous pressure, so well 
experiencd, as he was, he knew well the different systems, and it Would be 
useless for him to expatiate with advantage on the saving of labour if 
they could be carried out. If the drawing and charging could be done 
away with, the saving in labour would be about 40 per cent. He had seen 
results from gas-works capable of making 60 to 70 million cubic feet per 
vear, and he believed that his system, or one like it, whether carried out 
by himself or any one else, would be a great benefit to the gas manu- 
facturer, simply because the work of the stoker was a degrading duty. 

The President said they would all feel that Mr. Stevenson's paper was 
an admirable one, being an effort to bring into system, the observations of 
a careful observant man. If they could get something more in the shape 
of definite data to guide them in the apportionment of their apparatus 
throughout, it would be a very great help, and save every man watching 
and determining for himself the proportion of the different parts of gas- 
works. One object of the Association should be to brin^ together the 
observations of each man, so as to bring to something hke system the 
apportionment of apparatus, and other matters of the same sort. As to 
Mr. Carpenter, of course he would simply say that it had nothing what- 
ever to do with processes that might have been patented or invented 
in times gone by. He was perfectly sure that he had been labouring 
throughout on an idea which had occurred to him as an original idea, and 
the paper was eminently creditable to him. 



HOW CAN GAS BE MADE POPULAR AS A FUEL 

FOR COOKING? 

By Mr. S. Leoni (London). 

I hope I shall not be thought guilty of presumption in placing this 
question before your meeting, my object oeing to raise a discussion 
which may result in the adoption of the best mode to benefit gas con- 
sumers as well as proprietors uf gas-works, the interests of botn being 
identical. The latter, no doubt, are sufficiently convinced that an 
increasing consumption of gas during the day, for cooking and other 
household purposes, would add to their sources of income. Consumers, 
however, require different inducements before adopting our suggestions, 
their objections to gaa as a fuel being several, and some of them well 
founded. 

1. Gas itself is comparatively in its youth. Some of you, no doubt, 
will remember the time when many of our towns were lit by oil, and 
we all know how conservative people are, especially the money-spending 
classes. 

2. Those even who have tried the experiment of cooking by gas may 
have been disappointed as to the results. 

8. Others, agam, found the cost of a good gas kitchener too much for 
Iheir means. 

4. Some, however, who did not entertain these objections, were disap- 
pointed through the insufficiency of the gas supply when they most 
)ieeded it. 

5. The majority of consumers, being simply tenants and not owners 
of their houses, have naturally a strong dislike to lay out money on 
appliances, and especially fittings, which they consider should be provided 
by the landlord. They would, however, I believe, willingly hire a good 
kitchener in the same way as they now rent a gas-meter. 

I will endeavour to place before you a few suggestions to overcome some 
of the objections referred to, and which I hope will meet with your 
approbation. 

Gas being now comparatively cheap, and gas-stoves better than they 
were, some people (always in favour of progress) are already appreciating 
the advantages of gas as a fuel, and have thus prepared the ground for an 
increased movement in the same direction. The prejudice, therefore, is 
fast diminishing ; the real objection is the one oi the minority who, as 
tenants, would be willing to pay £1 or £2 a quarter for gas for cooking, in 
addition to their present outlay for lights, considering such an amount 
reasonable in lieu of a coal bill, or part of it, the saving of firewood, the 
absence of dirt, smoke, soot, &c., and the economy of labour, especially 
during the summer; but these tenants cannot afford to buy a kitchener, 
or do not care to do so. Gas proprietors, or corporations owning gas-works 
have, therefore, the remedy in tneir qwn hands, by providing latcheners 
at reasonable rental, and by maintaining a good average pressure during 
the daytime. 

I should like to see proprietors follow the example already set by such 
pioneers as the Crystal Pidace District, the Maidstone, Hastings, and 
other Companies and Corporations, and who, I understand, are satisfied 
with the results of what they have initiated, and for which great credit 
is due to them. 

A good substantial kitchener, fit to do all the work in an 8 or 10-roomed 
house, or to be used as an accessory in a larger establishment, may be 
hired out adyantageously at the low rent of about 2s. 6d. per quarter. 
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Besides boiling, stewing, frying, &c., the kitchener should roast and baktt 
to perfection at a reasonable expenditure of gas ; it must be simple in con- 
struction, and stand wear and tear for years without getting out of order : 
must also be easily cleaned, and be capable, when required, of being sent 
out fresh and ready from one consumer to another. The oven should be 
lined with heat reflector tiles made of fire-clay or other non-conducting 
material, and should be fitted with atmospheric gas ; the required tem- 
perature is then readily obtained with a consumption of about 20 cubic 
feet per hour, and can be maintained with less. 

The inside lining being, as described, a bad conductor of heat, 
there is scarcely any waste of calorific power, and the heat is uniform, 
which is a great desideratum for roasting and baidng. The joints of meat 
when cooked have very much the same appearance as those done before 
an open fire ; but they lose rather less in weight, are plump and full of 
gravy, they require neither turning nor basting, and can be left without 
any attention whatever during the time required for roasting, which is 
regulated according to the weight. The kitchener, as described, may be 
used with great advantage by a family of from six to twelve persons, and, 
with a little manipulation, will turn out a capital dinner for twenty. 

It is, however, important that the kitchener should not offer too many 
facilities, which may result in big gas bill, as I find, in practice, the pro- 
duction of hot water by gas to be the most extravagant feature m a 
kitchen. Whether a self-feeding boiler or one fed by hand is used, or one 
forming the jacket of the oven either at the top or sides or back, the waste 
of gas is generally the same — servants, and sometimes even the mistress 
herself, will keep the gas burning all day, and allow the water to steam 
away. 

Whilst the daily meals for a middle-class family can be cooked with 
from 80 to 100 cubic feet of gas, the hot water wiU require quite as large 
an expendituie if a boiler is in use. The only remedy against such extra- 
vagance is to make servants fill kettles or pans with water, and set them 
to boU over the burners of the hot-plate. The trouble of filling such 
utensils, and the exposed position of the burners under them, have the 
desired effect in causing the gas to be at once turned off when the water 
has boiled. A boiler has also the disadvantage of furring inside and coat- 
ing with soot outside ; so that the heat has to penetrate through both of these 
deposits, at a considerable waste of power. From the same causes the 
boiler is subject to constant damages, and will require repairs from time 
to time. 

The following is an average consumption for the daily meals for a family 
of eight persons : — 

Breakfast — 

Consisting of tea or coffee, ham and eggs, or 
chops, and also toast, including hot water 
for washing up 20 cubic feet. 

Dinner — 

Six-pound joint and pie ........ 80 „ 

Soup, fish, vegetables, potatoes 20 „ 

Hot water for washing up « . 10 „ 

Ditto for tea, &c 10 . „ 

Total 90 cubic feet. 

Another consideration which can scarcely be too much appreciated by 
the consumers, is the independence they gain with reference to their 
cooks and servants in general by the adoption of gas-stoves, which enable 
ladies and their children to do their own work with the greatest of ease, 
and, in many cases known to me, the services of a cook are dispensed with 
altogether. 

As to the consumption, I will quote here from my own g&a bills paid to 
the Brentford G-as Company. My family is six in number, with the aadition 
of occasional visitors to dinner, &g. No coals are used in the kitchen, and 
therefore all the cooking and the supply of hot water, including three or 
four baths per week, has to be provided by gas. The last four quartets 
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Tat the rate of 4s. per 1000 cable feet) amounted to £4 98. 8d. for the 
Idtchener and bath boiler, and £4 ISs. 3d. lor the lights. Taking this to 
be a fair average, the rental for 1000 householders would amonnt to 
i>448S 6b. 8d. for the kitchen per year, and £4662 lOs. for lights, represent- 
ing, therefore, an increase of nearly 60 per cent, due to the additional nee 
of gas for fnel. 

With such a result before them, proprietors of gas-works have every 
interest to induce consumers to use gas as fuel, by inviting them to hire 
the necessary appliances, or to purchase them by instalments. We must, 
however, not overlook the important question of pressure, which should 
not be less than 8-lOths of an inch close to the meter, especially in large 
establishments where one meal has to be cooked for 500, 1000, or more 
persons. 

Gas kitcheners are now constantly used in many of the national schools 
of cookery, and the teachers recommend them to the ladies attending 
their classes. 

A step in the right direction to overcome inveterate prejudices would be 
the organization of periodical exhibitions, where the public would have 
the opportunity of hearing practical lectures on the subject, accompanied 
by ocular demonstration. Such an exhibition has just been held, with 
great success, in the Town Hall of Birmingham, initiated and carried out 
oy the Birmingham Corporation Gas Committee. 

With your permission, 1 will now explain the working of a few small 
new appliances, adapted for offices, workshops, artizans families, and 
also for the use of ladies — ^my object being to show you what can be done 
with 10, 20, and 90 cubic feet of gas. 

The smaUest quantity (10 feet) will roast 2 lbs. of meat and steam 4 lbs. 
of potatoes. With 20 cubic feet, we can roast 4 lbs. of meat and steam 8 lbs. 
of potatoes. Again, with 30 cubic feet, we can roast 4 lbs. of meat, steam 
8 lbs. of potatoes, also a pudding, boil vegetables, and supply one gallon of 
hot water for washing up ; and also one quart of boiling water for tea. 
This is sufficient for an artizan's family. The cooker, intended for a lady's 
special use, will roast 4 lbs. of meat, bake two pies, steam 6 lbs. of potatoes, 
ftnd supply 3 gallons of boiling water for washing up ; the whole with 30 
cubic feet of gas, in two hours time. With an additional consumption of 
10 cubic feet of gas, the hot-plate can be used for soup, fish, or entries ; in 
fact, this kitchener is sufficient to cook a dinner for eight persons. 

I avail myself of this opportunity to mention a few facts known to me 
through personal experience, with reference to cooking by gas on a large 
scale, and where the advantages are so great and manifold that the diffi- 
ciilties of prejudice and even expense have been considerably reduced. 

At the London Hospital they cook daily for 800 inmates, at an expense 
of 78. for gas ; three persons only being employed to do the cooking and 
Jtitchen work. Their apparatus has now been in use for eight years^ has 
only been repaired once, and this after seven years of constant work. 
From A register carefully kept during the whole of this period, the autho- 
rities are enabled to certify that the waste in meat has been materially 
reduced by this system. In short, they save over j£500 a year in meat 
alone, not taking into consideration the other advantages. 

At Mr. Whiteley's, Westboume Grove, 600 to 700 lbs. of meat are roasted 
daily, at an expense of 5s. dd. ; and 200 gallons of water are boiled for tea 
at a cost of lOd. Many of the best-known hospitals, infirmaries, unions, 
and asylums now use gas for cooking, and amongst these are Guy's, Lam- 
beth, St. Saviour's, Poplar, and Stepney, with a total of above 3000 
inmates. Doubtless a number of other similar places known to members 
of this Association have also adopted gas for cooking purposes. Messrs. 
Bertram and Roberts, Spiers and Pona, and other large refreshment con- 
tactors, also large hotels and West-end clubs, use gas in preference to 
other fuel, because they find it more efficient and cheaper than coals, to 
say nothing of the economy of time and labour. Large warehouses here, 
in town and in the country, are also using gas, and the same may be said 
of many public schools. I could even mention some private establish- 
ments, the owners of which spend princely incomes, and who use gas for 
cooking in preference to other fuel. 

I have avoided the subject of heating apartments by gas, for the simple 
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reason that it cannot be done so efiectiyelv and cheaply bv ibis means as 
by coals. A good coal flre is more cheerful and comfoitable tiian any gas 
fire, and, in a fire-grate properly constructed, does all the required venti- 
lation. If coals are superseded by an asbestos fire, the expense would be 
quite double as much, without obtaining such good resiUts. There are 
many instance where a sm^ gas fire or calorifere are preferable, some- 
times for want of a fire-^lace, and sometimes when the warming is only 
needed for a few hours durmg the day. In such cases the consumer will find 
out for himself the most suitable stove, and therefore he had better be left 
to his own resources. 

In conclusion, I am happy in feeling that the facts and figures piroving 
the great importance of the subject, and the general information I have 
been allowed to put before this meeting, will justify and induce managers 
to use their influence with their proprietors to take into consideration the 
steps I have suggested to make popular and promote the use of gas as a 
fuel for cooking. 

The Fbebident said he very much regretted that time did not allow of 
giving this practical paper the discussion they would like. 



GENERAL BUSINESS. 



Election of Honoraby IiIembebs. 

The Pbesedent then proposed that the Association should elect as 
Honorary Members the President and Fast Presidents of the Soci6t6 
Technique de Tlndustrie du G-az en France. This, he said, would only be 
reciprocating a courtesy which their sister Society in France had already 
paid them, and the Committee, therefore, unanimously recommended that 
they should be elected. 

This was unanimously agreed to. 

The Pbesident said they were very glad to welcome amongst them at 
that meeting three members of the profession from the other side of the 
Atlantic. He understood, from gentlemen who had visited America, that 
they were received by their brethren there with the greatest kindness, and 
every effort to make their visit pleasant and profitable. He had, there- 
fore, to propose, as an expression of the pleasure they felt in seeing these 
gentlemen amongst them, that they should elect Captain Q. Warren 
Dresser, the Editor of the American Gaslight Joumaly who had long 
occupied a prominent position amongst gas men in America, as an 
Honorary Member of the Association. 

The resolution having been carried unanimously. 

Captain Dresses said this honour was entirely unexpected, and he 
could not take it as addressed to himself in the slightest degree. He 
understood that the spirit in which it was given was not in honour of him 
as an individual, but his countrymen. Some of them had come over to 
see if they could learn something in the mother country, and they would 
be extremely delighted to go back and tell their brethren with what kind- 
ness, honour, and distinction they had been received. 



Election of Committee and Officers. 

The Secretary read the report of the Scrutineers as to the result of 
their examination of the ballot papers, from which it appeared that the 
following gentlemen had been elected for the ensuing year : — 

President. — ^Mr. W. J. Warner. 

Viee-Fresidenti. — Mr. J. Douglas, Mr. C. Hunt, and Mr. G. W. 
Stevenson. 

Treaev/rer. — Mr. H. Newall. 

Secretary. — ^Mr. W. H. Bennett. 

Committee (new members to replace those going off by rotation). — 
Mr. J. Braddock, Mr. W. Carr, and Mr. B. H. Jones. 

Finance Committee. — Mr. G. Livesey, Mr. J. Eldridge, Mr. G. W. Ste- 
venson. 

Auditors. — Mr. A. Hersee and Mr. A. Lass. 



Beport of Committee. 

The Secretary read the following report : — 

<< Obedient to the instruction of the last general meeting, your Committee 
have considered the proposition made by Mr. Travers — that the bounds of 
the Association should be enlarged so as to admit Water Engineers to 
membership. 
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''Your Committee folly recognize the fact that to a certain nnmber of the 
Members, who associate the duties of G-as and Water Managers, there 
would be an advantage in the change proposed, and that to sach, papers 
and discuss v>ns on water-works topics would be interesting and prontable. 
They feel, however, on the other hand, that the change proposed would 
be a radical alteration in the character of the Association, which circum- 
stances do not call for, and which, in its effect, is more likely to produce 
embarrassment than advantage. Desirable as it may be to ada to the 
number of our members, it is of still more consequence that the proceedings 
of the meetings should interest and help those who attend them. Your 
Committee are of opinion that the consideration of gas matters would not 
prove attractive to gentlemen whose business was confined to water- works, 
and vice versd, A consequence would probably be that members would, 
to a greater extent than at present, absent themselves during a portion of 
the proceedings. Your Committee are, therefore, of opinion that it would 
not be beneficial to the Association to make the alteration proposed. 

"Your Committee desire to call the attention of members to two other 
matters — 

" The Financial Position of our Association. 

" On this point they cannot do better than adopt, as their own, the follow- 
ing passage from a report to them of the Finance Committee, dated March 
28, 1878, which is as follows : — * Your Committee have given their atten- 
tion to the financial state of the Association, and they find that the 
recommendation contained in their report of last year, that the members 
should be informed that a slight increase in the subscriptions was 
necessary, in order to make the income superior to the expenditure, has 
met their expectations, and that there is a balance of about iQ.5, on the year 
1877, in favour of the Association. Although your Committee do not 
consider it desirable that there should beany considerable annual increase 
in the balance carried forward, they are of opinion that provision 
should be made to prevent occasional deficits in future. Your Committee 
recommend that, in future, arrears of subscriptions should appear in the 
accounts of the year as an asset, and that subscriptions remaining unpaid 
at the end of the second year should be written off. In order to reduce 
the arrears as much as possible, your Committee recommend that the 
Secretary be instructed not to forward the copy of the transactions to 
any member until his subscription for the current year has been paid. 
The accounts will then be so clear and simple that it will be impossible 
to deduce erroneous conclusions from them.' 

"Your Committee, not prepared to advise the abolition of premiums, 
have decided to add to these recommendations of the Finance Committee 
this further one — ^that the subscription of all members elected in future 
be fixed at a guinea, and nofc left optional, as at present. 

" The second matter which has engaged the Committee's attention, and 
on which they now report, is 

" The Nomination of Members of the Committee. 

"This was the subject of some discussion at the Bristol Meeting, ending 
in a resolution confirming the present rule. Your Committee felt, how- 
ever, that although it was very undesirable to make alterations in the 
rules at a general meeting without notice, and where it was impossible to 
spare sufficient time for the proper consideration of the proposal made, 
yet it was their duty to give attention to any suggestion made at the 
meeting. 

" The Committee have had the advantage of suggestions from several 
members since the discussion took place, and they now submit the fol- 
lowing plan for consideration, which has been designed to meet the views 
of those members who think the Committee are not sufficiently represen- 
tative of the whole body : — 

" 'It shall be open to any member to propose another as a member of 
Committee. If the proposal is duly made, and supported by the names of 
two other members, and sent to the Secretary on or beiore the Slst of 
March preceding the annual meeting, the Committee shall accept the 
nomination, and include the name of the gentleman so proposed in the 



124 

voting list. No member shall propose or support the nomination of more 
than one member of Committee in the same year, 

"'Farther, the numberjof names to be nominated by the Committee shall 
be reduced from twelve, as at present, to six ; but in the event of there not 
being six names nominated by other members, the Committee shall iill up 
the number to twelve, as required by the rule. The Committee recom- 
mend that Bule 80 be altered in accordance with this suggestion.' " 

The Pbesident moved that the report be received, which having been 
carried, he invited discussion upon it. He said if there were no remarks 
to be made upon it, he would ask some member of the Committee to move 
its adoption. He might say, however, that the Committee had looked 
very carefully into the matter, and they felt that the suggestious made at 
the last meeting had considerable force in them, that the election of 
members of the Committee should be made as fully representative as 
possible, and that therefore it was advisable to widen the constituency 
proposing them in this way. Now that the rule was proposed to be 
altered, he could only express his hope that members would avail them- 
selves of it, and that it would not be left to the Committee to nominate 
the whole number, though he should not be much surprised if such proved 
to be the case. 

Mr. West (Maidstone) moved the adoption of the report. 

Mr. Hepwobth (Carlisle) seconded it. 

Mr. Cabb (Halifax) said there was a remark in the report to which he 
objected — ^namely, where it stated it was hoped it would meet the views of 
gentlemen who did not think the Committee were sufficiently representa- 
tive. He, himself, did not know who were the people who held that 
opinion ; and he was present during the whole of the discussion twelve 
months ago, and took part in it, and he did not remember any one 
making the charge that the Committee were not sufficiently repre- 
sentative. The only objection taken to the rule was that the nomination 
placed the Committee in rather an unfortunate position, and it was 
with a view to remove the possibility of any members saying that they 
were not represented by the Committee that this was proposed. He was 
much pleased that the Committee had taken the matter in hand and desJt 
with it in the way they had. He believed they had given the matter their 
best consideration ; and the plan they proposed was, no doubt, the best, 
under the circumstances. They had shown, not only their representative 
character, but their desire to push the best interests of the Association, 
and he believed now it would be utterly impossible for any section of the 
Association to say they were unfairly represented. They must always go 
by the majority of members, and they would have the opportunity of trying 
their strength at any time they felt disposed. 

Mr. Stone (Weymouth) said one part of the report seemed rather hard — 
namely, that which would compel new members to subscribe one guinea. 
He feared this would deter many managers of small gas-works from joining, 
because it would be a great burden to many men in such a position, who 
were really those most requiring the privileges of the Association. There 
were a great many members of the Association at present who would not 
feel it a hardship to subscribe one guinea, if necessary ; but many did not 
think it necessary to do so at all. The expenditure of the Association had 
for several years been increasing to what some thought an alarming extent. 
Many years ago the funds of the Association improved until they got to 
something like £400 in hand, but for two or three years past they had 
been gradually diminishing. Thus it happened, unfortunately, that the 
richer they got the poorer they were. The question was whether they 
should meet that position by increasing the subscriptions or diminishing 
the expenditure, and he should rather advocate the latter. 

The Pbesident said, as the remarks of the last speaker seemed to be 
received with favour by the meeting, he should be gmd if those who were 
of the same opinion would express it. 

Mr. Jones (Chesterfield) said he took part in this discussion somewhat 
reluctantly. He thought that the change shadowed forth in the report now 
presented was of such serious importance that they ought to have more 
time for its consideration. With reference to the introduction of Managers 
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of water- works, he resetted that the Committee could not see their way 
to advise the Association to tr^ the experiment. Representing as he dia 
a Water and G-as Company with a capital of Jb'800,000, he did not think 
his position as a Gas Manager was at all disparaged hy heing associated 
with the Water Department. He shonld like to see their brethren in the 
water line associated with themselves, as there were many points in 
common which might be dealt with by the Association to the advantage 
of both Water and Gas Engineers. The point, however, to which he 
wished more particularly to allude was the rate of subscription, and he 
agreed with his friend, Mr. Stone, that it was highly desirable for that 
portion of the report to be re-considered. In times like the present, they 
could not expect men who were managing small gas-works to be throwing 
away a guinea for one meeting a year, and there were many things in 
which the expenses might be curtailed. For instance, he found the 
secretarial expenses of the North of England Institution of Mining and 
MechauicalEngineers averaged 21^ per cent, of the income, and they had five 
meetings a year. The Chesterfield and Derbyshire Institute of Eneineers, 
of which he had the honour to be a Councillor, averaged a smaller per 
centage for secretarial expenses, and they had five meetings a year, and 
their transactions were most elaborately got up. The Secretary of this 
Association, however, received more than 36 per cent, of the income, for one 
meeting a year. He was quite satisfied that the Finance Committee could 
see their way, if they would, to diminish the expenditure, instead of raising 
the subscription. They were paying the Secretary excessively, and most 
excessively for office rent. The office rent was M40 a year. The Secretary 
Jb'140, and there was a further charge of £9 8s. 9d. for travelling expenses of 
the Committee. Time was when the gentlemen who served on the Com- 
mittee were content to sacrifice their time. 

The President, interposinf]:, remarked that, while he hoped all members 
who wished would express their opinion on this point, he must ask them to 
bear in mind the lateness of the hour, and the short time in which they 
had to get through the business. 

Mr. Jk>nes said he regretted exceedingly, as he was in order in discuss- 
ing the financial position of the Association, that he was not allowed to 
proceed. 

The President said he had not the least desire to ask Mr. Jones to con- 
clude his remarks at once ; he only wished to point out to him that he had 
already occupied a considerable time. 

Mr. Thobneloe suggested that it would be as well for the Secretary to 
retire while this discusion took place. 

[The Secretary expressed his perfect willingness to do so. The memben 
generally, however, expressed dissent.] 

Mr. Jones said he did not wish to take up time unnecessarily, and he 
would, therefore, simply move that the report, as presented, be ordered to 
lie on the table, so that members might have time to consider it. 

Mr. Mead (Sutton) was anxious the members of the Association should 
always continue to act as harmoniously together as they had in times 
past. It might be in the recollection of Mr. Jones and others, that the 
Secretary's salary had been increased by themselves without any applica- 
tion from him ; and, under those circumstances, it would be most un- 
gracious now to find fault with the amount he received. That they had 
an excellent Secretary, no one could doubt, nor that they would have 
great difficulty in finding another who could do the same work so well as 
he had done it. He (Mr. Mead) trusted, therefore, that, whatever their 
opinion might be, they would not think of withdrawing any part of the 
salary they themselves had voted. As to the question of subscription, he 
could not conceive that any Gas Manager could consider that 2Is. a year 
was too much to pay for the privilege of attending these meetings. He 
had had a great many years experience of gas matters, but he had never 
attended a meeting without going away the better for it. 

Mr. Barratt (Grantham) said he knew there was a wide dissatisfaotion 
on the part of many members as to the financial position of the Associa- 
tion, and the manner in which the business had been conducted. He, 
therefore, had great pleasure in seconding Mr. Jones's amendment, in 
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order that the qnestion might be properly ventilated. He was not satis- 
fied with their financial position, and thought that the expenditare -was 
considerably more than it ought to be. It would be a serious inflictioii on 
many good men who wished to join the Association if the subscription 
were raised as proposed. There were no men better able to judge what a 
man was worth than Gas Engineers ; for it was part of their constant 
duty to calculate minutely the expenditure in every department, and if 
there were any excess anv where, to put their finger upon it and have it 
altered. He hoped, therefore, the subject would be discussed calmly and 
dispassionately ; but he could not help saying that he was not satisfied 
witn the manner in which the secretarial duties were performed. 

Mr. Geobge Live bey thought the discussion was taking a course which 
would be anything but beneficial to the Association, as it seemed becoming 
a personal question. He would also point out that there were many other 
matters in the report besides the one to which attention was now dravm, 
and which it was important should be settled, and settled at once. Then 
he would also ask, in reference to the Secretary, whether the members, 
any of them, were in a position to know what the duties performed hy 
that officer were. One only knew what a man was worth when one knew 
what he did. Having himself been connected with the Association 
officially for something like ten years, and having, perhaps, seen as much 
of the work done by the Secretary as any one, he considered the salary 
received was anything but too large. They had in Mr. Bennett a man 
who devoted himself heartily to the interests of the Association, who was 
always thinking how he could best promote those interests, and to bring 
up this question in the way it had been done, after Mr. Bennett had 
served the Association well all these years, was anything but praiseworthy 
on the part of any members. Nor was there any necessity for it. The 
whole question had arisen upon the subject of raising the subscription 
from a half to one guinea. As a member of the Finance Committee, 
he fully accepted the responsibility of that recommendation, but he 
did not insist that it was essential to the prosperity of the 
Association. He had gone into the accounts carefully, and he found 
that, with the exception of one single year, the expenditure had 
always been less than the income. The accounts had certainly been 
published in a form which did not clearly express the exact position of the 
Association ; and the Finance Committee, in order to avoid arrears in the 
future, made the recommendation in the report. Last year the income 
was about £30 above the expenditure. It was not necessary, therefore, to 
increase the subscription, though bethought it was advisable. He thought 
10s. 6d. was too low ; and, besides, he thought the subscription ought to 
be paid by the Companies or Corporations, and that, if the matter were 
properly brought before them, they would do so. The point before the 
meeting was, therefore, whether they should have an increased subscrip- 
tion for future members. The existing members would go on paying the 
same, if they chose, and there would be no pressure put upon them to pay 
more. He thought this matter might be put to the vote, and then the 
other points in the report could be taken on their merits. As to reducing: 
the Secretary's salary, he was quite certain the members generally would 
not listen to it for a moment. 

The Pbesident asked if Mr. Jones would be willing to withdraw his 
amendment in order to put the question suggested by Mr. Livesey. 

Mr. Jones had no objection personally to the course suggested, but he 
should like to take the opinion of his brethren before consenting. 

The President said he could not allow another speech. 

Mr. Jones said in that case he must decline to withdraw the amend- 
ment. 

Mr. Smith (Darlington) thought that, according to Mr. Liyesey's own 
view, there was no necessity for raising th^ subscription, for it ap]peared 
that in every year but one their assets had been in excess of the liabilities. 
If, as Mr. Livesey suggested, Gas Companies or Corporations jjaid the 
subscriptions for their Managers, it would be then time enough to increase 
the subscription ; but until such was the case he thought the Committee 
had scarcely any ground for making such a recommendation. 
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The Fbbbidbnt said he should have preferred to put the report para- 
graph hj paragraph, but as Mr. Jones's amendment was not withdrawn he 
was obhged to put it. 

Mr. Ibons (Crosport) suggested that the mover of the original resolution 
should consent to its being altered so far as regarded the paragraph 
referring to the subscription. They ought to consider the persons who 
formed the Association, and who fixed the rate of subscription at lOs. 6d« 
In early times they were much indebted to two eminent men, the late 
Mr. Barlow and Mr. Hawksley. He remembered Mr. Hawksley being in 
the chair as President when a similar question was brought forward, and 
he strongly advised that while the subscription might be increased to one 
guinea for those who were willing to pay it, it ought not to be increased 
compulsorily. The objection that many felt to the paragraph in the 
report was that it would make an increase compulsory for future members, 
and as there was no real necessity, he asked the Committee to withdraw 
that part, so that the meeting might adopt the rest, which was very 
serviceable. 

The Pbebident entirely agreed with Mr. Irons's remarks, but he had no 
option but to put the amendment. 

The amendment was then put, and lost by a large majority. 

Mr. Geoboe Live sey proposed another amendment, to the effect that the 
paragraph relating to the increase of subscriptionB be expunged. 

Mr. Cabb seconded this amendment, which, on being put to the meeting, 
was carried almost unanimously. 

The Pbebident, in putting the original motion, with the paragraph 
relating to increased rate of subscription expunged, said it would ne 
hardlv necessary to discuss it further, after what had taken place ; but he 
would remind the members that it was the outcome largely of the dis- 
cussion which took place at the Bristol meeting, where it was argued that 
it was impossible to discuss the proposal then made, and it was therefore 
negatived. The Committee, however, felt it their dut^ carefully to con- 
lider whether the meeting had been acting rightly in negativing the 
proposal, and in the interval they had most carefully considered the 
suggestions made. The members need not be under anv apprehension, 
therefore, that, in adopting the report, they were doing tnings hastily or 
inconsiderately. 

The motion was put, and carried nem, con. 



Meicbebb m Abbeibs. 

The Sbcbbtabt then read the list of those whose subscriptions having 
been in arrear for two years, had ipso facto ceased to be members. 



Time akd Place of next Meetino. 

The Pbbsident said the next business was to choose a place of meeting 
for next year. 
Glasgow, Newcastle-on-Tyne, Portsmouth, and Sheffield were all pro- 

Eosed by various gentlemen, but Portsmouth was afterwards withdrawn, 
during the conversation which took place, 

Mr. HuNTEB (Salford) suggested that in future it would be well if some 
formal invitation was sent up from provincial towns, because it was very 
easy for gentlemen to get up and propose a certain place of meeting, 
without having taken any means to ascertain whether a visit would be 
locally acceptable. 

Mr. Hepwobth (Carlisle) said the North of England Association had oon- 
sidered this matter, and, though they had not sent a formal application, they 
were unanimously of opinion that it would be the greatest pleasure the 
Association could confer upon them if they would meet next year in New- 
castle-on-Tyne. 

On a vote being taken, the meeting decided by a very large majority in 
favour of Newcastle. 



128 

Votes of Thanks. 

The Pbesidxnt then moyed a cordial vote of thanks to the gentlemen 
who had oontribnted papers. He said he was hardly in a position to 
•zpresB a fair opinion as to the character of this meeting, as compared 
with others; but, personally, he thought it had been very successful, for he 
felt sure that a better set of papers they had never had. The attention 
with which they had been listened to, and the large attendance whQe they 
were being read, had been the best testimony as to their character. He 
would, of course, include in the vote those gentlemen irho had prepared 
papers which, for want of time, had not been read. 

The resolution was put, and carried unanimouslv. 

Mr. Wabmeb said he felt very deeply the high nonour conferred upon 
him in electing him as President for the coming year, and he was quite sura 
that the people in Newcastle-on-Tyne would equally feel it their duty, as 
he felt it nis, to advance the interests of the Association, and to maintain 
its high honour. 

Mr. Ohren moved a vote of thanks to the Committee for the manner in 
which they had carried out their duties during the past year, and for the 
report which had been adopted. 

The motion was carried unanimously. 

Mr. Henry Woodall moved a vote of thanks to the Treasurer, Mr. 
Newall, whose operations, he said, reminded him of the laws of nature ; 
thev were always constant, though never seen. 

The resolution having been carried unanimously, 

Mr. Stober moved a vote of thanks to the Scrutineers, Mr. Hartley and 
Mr. Darwin. 

This resolution was also carried unanimously. 

Mr. Hepworth moved a vote of thanks to the Society of Arts, whose 
hospitality they had always experienced when coming to London, and to 
Mr. lie Neve Foster, the Secretary. He never came to that room without 
thinking also of the indirect aid which the Society of Arts had given to 
their Association, by the publication of some very valuable lectures on 
Bubjects connected with their operations. 

The resolution was carried unanimously. 

Mr. George Live bey said he was called upon to perform an act of justice, 
which the Society had for some time neglected. In former years the 
Association were accustomed to pass a vote of thanks to the late Mr. Bar- 
low for taking notes of the meeting, and furnishing them to the Society, 
thus contributing very largely to their income, and diminishing their 
expenses. That kindness had heen continued by his successor, Mr. King; 
and he hoped Mr. King would not feel it had been a slight on the part of 
the Association that they had never acknowledged his kindness, it had 
been generally understood by the members that Mr. King had done this 
voluntarily and generously, though, somehow or other, they had omitted 
to pay a formal acknowledgment of the services thus rendered. It was 
their bounden duty to express their hearty thanks to Mr. King for his 
great generosity, without which the Association would have found before 
this tnat the half-guinea subscription was insufficient to meet their 
expenses. 

The President, in putting the motion, said as there had been an 
omission before, he hoped the members would, if possible .throw the 
fervour of half-a-dozen years into the vote of one. They all felt such 
personal regard and friendship for Mr. King, and such an intercHt in the 
work he was doing, that it was always very pleasant to them to see him 
among them. 

The resolution having been carried unanimously. 

Mr. KiNQ acknowledged the vote, and thanked the meeting for the 
Tery cordial manner in which it had been adopted. His predecessor in 
the conduct of the Journal, the late Mr. Barlow, had always manifested 
great interest in the prosperity of the Association, and he had himself been 
influenced by the same spirit. It had been his happiness to attend every 
meeting of the Association since the first gathering in Manchester, in 
1868, and he had personally reported the proceedings each year until now 
that the state of his health prevented him from undertaking the labour. 
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H« WM fflad, however, to be present on this occaBiou, and, with the tid of 
his hiena «t his side, to continue his work. Any assistance he had rendered 
to the Association had been rendered with much satisfaction to himself. 

Mr. Mo&TON proposed a vote of thanks to the President. He wished 
some one better fitted to speak of him had been chosen, althongh no one 
knew better than he the high qualities of Mr. Corbet Woodall. He had 
been intimately associated with him throughout his professional career, 
and had seen with much pleasure the progress he had made therein. He 
therefore proposed a cordial vote of thanks to Mr. Woodall for his conduct 
in the chair, for the onerous work he had done for the Association during the 
year, and especially during the past month, and for the admirable Adoress 
with which ne opened the meetmg. 

The resolution havinff been carried by acclamation. 

The FBKsmsNT thanked the meeting for the kindness with which they 
had received Mr. Morton's remarks. He could only say there were few 
things more satisfiMtory than to hear, as he had heard, for the first time, 
that Mr. ^ Morton's acquaintance with him for a term of years had 
not diminished the renurd with which it commenced. He could only 
say; with reference to tne proceedings of the last two days, that they 
had been to him a source of continued satisfaction and pleasure. He 
commenced his duties with considerable misgivings, but nis apprehen- 
sions vanished almost from the first moment of takmg the chair, and the 
confidence he enerienced in the cordial support he should receive from 
the members had been more than fully reauzed. Before sitting down, 
he wished to propose a vote of thanks to the Secretary. He was par- 
ticularly glad m the opportunity of beinff able to say a word or two with 
reference to that gentleman. He had no idea, until the commencement of 
his year of office, what the amount of attention and labour was that 
devolved on the Secretary of the Association. He could assure the meet- 
ing most emphatically, that if those duties were rendered in return for the 
emolument received, he should regard the remuneration given as utterly 
inadequate to the services performed. Furthermore, he did not believe 
that those services were rendered for the sake of the emolument but they 
were done by Mr. Bennett with a heurty and loving service, which was of 
great value to the Association. 

The resolution having been carried unanimously. 

The SsoBBTABT briel^ and appropriately thanked the members for their 
kindness. 

This being the whole of the general business, the meeting was brought to 
a dose. 



Thubsdat, Junb 20. 

At eleven o'clock this morning the members assembled at the Phosniz 
Gas Company's gasholder-station in Eennington Lane, to witness the 
progress made in the construction of the largest gasholder at present in 
existence. Here they were met by Mr. Shand, the Deputy-Chairman of 
the Company, from whom they received a veiy hearty ^^loome, which 
was cordially acknowledged on their behalf by Mr* Warner, the President 
of the Assooifttion for the coming year. Mr. Woodall, the Engineer of the 
Company and present President, mmished the visitors with every desired 
information respecting his laxffo and important work. After spending 
two hours at tne works, partly in doing justice to a choice refection 
provided for them by the Pnoeniz Ghas Company, the members proceeded 
to the Vauzhall station of the South-Westem lUolway, whence they were 
conveyed to Hampton by train. Here an inspection of the works of the 
Orano. Junction and Southwark and Vauxhall Water Companies reser- 
voirs, engines, ^., took place, and an adjournment to £ushey Park 
followed, where, after partaking of an elegantly-appointed luncheon, the 
remainder of the day was spent in viewing the Gtreat Hall, Picture 
Galleries, and grounds of Hamilton Court Palaoe, the company returning 
to London about eight o'dook in the evening. 
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On FiidMr, June 21, those of the memben who intended to irisit the 
F«rii Ezhioition started from the Victoria Bailway Station at 7'40 aon. 
for Doyer, whence they proceeded, vid Calais, for the French capitaL 

We have been favonredby corre^ndents with narratiTes of the engage- 
ments of the following days. 

On Saturday morning, at ten o'clock, the members visited the Exhibition, 
where they were met by MH. Arson, Servier, Ellissen, and seyeral other 
gentlemen, in the PaTulon de la Com|>a^;nie Parisienne da Gaz^ who ex- 
plained to them the interesting exhibits of that Company, mdnding 
elaborate models and drawing of their apparatus, drawings of the brick- 
works and tar and ammonia plant, samples of products, stoyes fox 
cooking by gas and coke, ^as-engines, mam-plpes, and the method ol 
attachmg services, &c. This visit was altogether of great interest, and 
the members were much impressed by the thoroughness with which the 
Paris Gas Company had earned out their exhibition. 

In the evening, by the invitation of M. Denayrouze, through Ifr. 
Woodall, about 100 of the party assembled at the works of the Electric 
Light Company, in the Avenue de Villars, and received from M. Jabloch- 
kofl and his assistants a very interesting explanation of the apparatus 
employed in electric lighting as now used in Paris. Afterwards, by the 
coturtesy of the Electric Lignt Company, the whole party was invited to 
the concert in the Orangery of the Tuileries Gardens, where they saw 
the orchestra and grounds illuminated by 48 electric lamps. 

On Monday the Paris Gas Company received the members of the British 
Association at their works at La Villette. Every care was taken by the 
officers of the Company to explain what was new or strange to the 
visitors, and the latter expressed very generally admiration of the care 
taken by the Company to utilize every source of profit open to them. 
The tar, ammonia, brick retort, and patent fuel works were all in turn 
examined, and note-books were in constant requisition. After this inspec- 
tion the Members of the British Association drove to the gas-works at 
Ivry, where they were met by the Members of the Soci^t6 Technique de 
rindustrie du Gaz en France. A beautiful luncheon had been provided 
by the Paris Gas Company for the whole party, numbering about 250, in 
one of the retort-houses, which had been very prettily decorated for the 
purpose. After the luncheon, and a heariy acknowledgment of the Com- 
nanj['s kindness, an inspection of the Siemens furnaces in use for 
heating the retorts concluded the visit. In the evening a banquet was 
held by the Sooi^t^ Technique, on the island of the Great Lake in the 
Bois 06 Boulo^e, to which the President and Committee of the Associai- 
tion were invited. About 60 ordinary members also joined the party. 
The proceedings of this evening will long remain in the recollection 
of those who took part in them. The lovely scenery, charming music, and 
hearty welcome were alike fully appreciated. The health of the British 
people, and especially the Association of Gas Managers, was cordiallv 
drunk, and the reply of the President (Mr. Woodall) was received with 
hearty applause. The toast of the Soci6td Technique and the French people 
was proposed by Mr. Woodall in terms which secured enthusiastic con- 
ourrence, and the most delightful concord prevailed throughout. 

The proceedings of the Soci^t^ Technique on Tuesday were attended by 
a large number of the English visitors, wno took some part in the discus- 
lions carried on. 

On Thursday morning a large proportion of the party returned to 
London, but many remained to seethe National FSte on the Sunday follow- 
ing. All alike heartily expressed their satisfaction with the visit, and the 
arrangements made for their reception and entertainment. 
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The following paper presented to the Meeting of the Association was, 
for want of time, taken as read, and was ordered to be entered on the 
" Transactions :" — 

THE PURIFICATIOIT OF COAL GAS WITH 
ANHTDEOUS OXIDE OF IRON. 

By Geobos E. Davis, F.I.C., F.C.S., &o. 

In 1871, when connected with the alkali trade, I went through a series 
of experiments, with a view to utilize sulphuretted hydrogen, and found 
that anhydrous oxide of iron absorbed this ^as with avidity, even when 
very dilute, and I had no difficuly in producing a material containing 60 
per cent, of sulphur, by frequent saturations and revivifications; and fche 
next year, when I was more intimatel^f connected with the manufacture 
of gas-purifying material, I received with some doubt the assertion that 
peroxide of iron in the anhydrous state would not purify gas. 

This assertion is still clung to by some, not argued upon, and the 
anhydrous oxide has not been practically tried by many, yet the notion is 
so widely spread that the mere mention of such a thing Deing possible is 
immediately classed as an absurdity. 

The above experiments were then forgotten completely until 1875, when 
I chanced to hear that one Gas Manager was using an anhydrous oxide 
for the purification of his gas. Not having asked for permission to men- 
tion the works where this took place, I consider I am not justified in 
mentioning them ; but I have no doubt that if the Manager of those works 
is present he will sive you some account of the working of that oxide. 

1 must confess that until I had both seen and analyzed the spent oxide 
in question, I was a little dubious as to the result; for, in the first place, I 
did not tbink there was a Gas Manager who had the temerity to charge 
his purifiers with oxide of iron (anhydrous) ; and, secondly, if the assertion 
often made to me was correct, that, although anhydrous oxide would take 
up sulphuretted hydrogen when mixed with air, and not very dilute, yet 
it would not take up sulphuretted hydrogen from coal ^as ; the resultmg 
spent oxide could only be of very small value to the chemical manufacturer. 
The oxide of iron used was what was known as " blue billy," the residue, 
in fact, from copper pyrites, after the sulphur had been eliminated by com- 
bustion, and the copper extracted by fumaoing with salt. 

This oxide, or ''blue billy," is not so suitajble as most other oxides for gas 
purification; it lies very dose and is very heavy ; moreover, it is not finely 
ground, so tiiat the coarser particles are not so active as tiie finer, in the 
proportionate weight of iron which they represent. Levigated and 
mixed with a large quantity of sawdust, it would act better ; but still, 
itt its natural state, when used at the works before mentioned, it became 
satoratod and unfit for further use when it contained 86 per cent, of 
sulphur. This was, I consider, very satisfactory, as " blue billy" contains 
on an average 24 per cent, of particles so coarse that they will not pass 
through a sieve with eight holes to the inch, and only about 55 per oent. 
will pass through a sieve having 12 holes to tne inoh. 

X 2 
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When thrown out of use the oxide contained as f oUowi : — 

Moisture 16*40 

Tarry matters 100 

Sulphur 8400 

Ferric hjdrate 6*28 

Ammonium sulphocyanide 1*66 

Ammonium chloride ■. 0*72 

Insoluble in dilute HCl 85*60 

Sawdust, Ac 4*54 

100*00 

My opinion is that this could have been worked until it contained 
60 per cent, of sulphur, for reasons which I shall giye farther on. 

This result led me to try the purification of ^ by means of a finer 
quality of anhydrous peroxide of iron : but gettmg this tried was by no 
means an easy matter. I could not find any Gas Manager who would tx^ 
such an oxide, even if the said oxide were given him, so I had to wait 
until I could find some one of my own way of thinking. 

This was eventually done, and the oxide put into use at four different 
private gas-works. From two of these I have no returns, while the other 
two furmshed samples which gave the following results : — 

No, 1 Works, 

After first revivification 6*4 per cent, sulphur. 

„ second „ 9*6 „ „ 

„ third „ 14-8 „ „ 

„ fourth „ 17*8 „ „ 

No. a Works, 

After first revivification 7*9 per cent, sulphur. 

„ second „ 10*9 „ „ 

„ third „ 14*8 „ „ 

Then the en>eriments were discontinued, and the next sample was sent 
me without the revivification number, but it contained 27 per cent, of 
sulphur. The next sample sent was found to contain 88 per cent., and the 
last, a few days a^o, contained 46 per cent. 

In comparison, I may say that a sample of copperas, which had been in 
the i|urifiers 46 times, only contained 66 per cent, of sulphur. 

It is well known that anhydrous oxide of iron, such as burnt psrrites, 
after years of exposure to the air and rain, will become to a small extent 
hydrated. Lunge, in 1866, patented a process for the use of burnt pyrites 
which had become hydrated by exposure to moisture and air, which pro- 
cess, I believe, is now carried out pretty largely by a firm at Armley, in 
Yorkshire. My experiments upon the hydration of burnt pyrites leads me 
to suppose that only a smaU proportion of the oxide of iron becomes 
hydrated, and that the purification is practically performed by the an- 
hydrous oxide. 

Still, though it will be found that an anhydrous oxide will purify coal 
gas, yet it must be admitted that a precipitated one is the best which can 
be used for the purpose, and, next to that, an hydrated. The absorption 
is quicker^ and the revivification quicker, than an anhydrous oxide, and 
the resultmg spent material is more valuable in the former cases. 

There is no doubt that there are many inferior oxides offered to Gas 
Managers now, and, in order that the gae chemist may be able to properly 
value any sample which comes under his notice, I have devised the fol- 
lowing test : — 

Anhydrous oxide of iron is not very easily soluble in dilute acids, but 
the hydrated and precipitated oxides are very easilv soluble. Take, there- 
fore, 5 grammes of the material, and boil for hau an hour g^ently with 
1000 c.c. of dilute HGl, of &^ Twad. Filter and estimate the oxide of iron 
in the filtrate. This will be found a ready method. Another portion 
should then be taken, and the total iron oxide estimated. One gives the 
''active" oxide, and the difference between the two, the ''potential" 
oxide. 
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And now, while npon this snhjeot, I may as well desorihe a test which I 
have been using for determinin|f whether an oxide is completely spent or 
not. It has been usnal to estimate the snlphor which tne spent oxide 
contains. This is not correct in principle, for the amount of stLmhur must 
necessarily depend upon the quality of oxide used ; therefore it is much 
better to be guided by the amount of oxide of iron, which dilute HCl will 
dissolve out. 

The test is applied as before— 6 grammes of the oxide in question are 
gently simmered for half an hour with 100 c.c. of pure hydrochloric acid 
of G** Twad., and filtered, the oxide of iron in the filtrate being estimated 
in the usual way, and called " active " oxide ; and from the results of my 
experiments it would appear that Gtus Managers are very much of the same 
opinion as to when an oxide should be thrown out of use. 

In the following tables, I give a few illustrations of some of the different 
purifying materials, examined for the purpose of tiiis paper, and the 
second table shows the amount of iron oxide (active) and sulphur in 
various spent oxides when thrown out of use : — 



No. of 
Sample. 


."Actlve,»» 
FeaOj. 


" Potential," 
Fe, 0$. 


Bemarks. 


1 
2 
8 
4 
5 
6 
7 


10-4 
80-2 
20*6 
180 
20 
1-2 
12-8 


?4 . 

220 
600 
74-0 
82-4 


Precipitated oxide. 

Bog ochre. 

Dry copperas. 

Hydrated purifying material. 

Anhydrous oxide. 

Bog ochre. 



The " active " oxide of iron absorbs sulphuretted hydrop;en quickly, the 
"jpotential" only after a long time; stiU it does act if in a fine state of 
division. 

The following spent oxides were thrown out of use : — 



No. of 
Sample. 


Percent. S. 


Percent. 
"Active," FeaO,. 


Bemarks. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 


41-7 
64-5 
47-9 
66-8 
89-8 
67-2 
41-7 
171 
82-7 
40-0 
88-6 
42-0 


8-8 1 
4-7 
8-8 
8-8 
4-6 
4-2 
9-8 
12-6 
9-6 
6-8 
7-6 
90 


Fully spent. 

These, with the exception of 
No. 7, were aU put in use 
again. 



These experiments show that an oxide should not be thrown out of use 
before the " active" iron oxide has been reduced to i per cent. 



MEETING OF THE SUBSCBIBERS TO THE 
BENEVOLENT FUND. 

June 19, 1878. 
Gobbet Woodall, Esq., President, in the Chair. 

The Fbesident intimated that the statement of aoconnts having been 
printed and circnlated, he wonld move that they be reoeived and adopted. 
This was onanimously agreed to. 

The Fbesident then stated that it wonld be necessary to elect three 
gentlemen as Trustees to the Fnnd, in accordance with the roles, and he 
thought they conld not do better than elect the existing Trustees to the 
Ordinary Funds, who were gentlemen in whom every one placed the 
hij^est confidence. 

The Secbetabt said that he had applied to Mr. Newall, who had ex- 
pressed his willingness to accept the omce, but Mr. Hawksley had declined 
on account of advancing age. He, the Secretary, had understood from 
Mr. Goddard that he would be present on the first day of the meeting, and 
had, therefore, deferred applying to that gentleman until he could do so 
personally. He was sorry to say, however, that Mr. Goddard had not 
attended, and he was the more sorry, because he was afraid that ill-hefdth 
was the cause. In the event of their electing Mr. Goddard to the office of 
Trustee, the resolution must, of course, be subject to his acceptance of the 
trust, and he thought it would be well to consider the possibilily of 
Mr. Goddard declining, because he knew that gentleman's health was 
such that he might reasonably object to any increase of his duties and 
responsibilities. 

It was then moved, seconded, and unanimously resolved— 

" That Mr. H. NewaU, Mr. E. Goddard, and Mr. George Livesey 
be elected Trustees to the Benevolent Fund, and that, in the 
event of Mr. Goddard declining to serve, Mr. Warner be asked to 
accept the office." 

The meeting was then brought to a dose. 
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nST OF SUBSCRIPTIONS. &c., 

Paid during the Year ending December 31, 1877. 



ANNUAL SUBSCRIPTIONS. 

Kame. Address. For the Year. 

Ambler, W Saltaire 1877 

Amott, J LeedB 1876 

Andrews, W. W London 1877 

Andrews, H. W Smyrna 

Ashmore, W Stoiokton 

Anderson, T Bath 

Anderson, Geo London ...... 

Alsop, S. Pinxton 

Allan, G. A Newoastle-on-Tyne . . 

Ayris, J . Norwich 

Andrews, T Swansea 

Aird, J London 

Aird, J Great Bridge .... 

Annan, J Wolyerhampton . . . 



Brothers, F. W Blackburn 

Bailey, G. D 

Brothers, H 

Bates W 

Brown, B 

BaU,T.B 

Beale, F 

Braidwood, J. F. . . 
Bouttell, T. H. . . . 

Barratt, W 

Browning, J. T. . . . 

Biokerton, G 

Brace, T 

Brett, B.W 

Ben,T 

Barratt, S. . . • • • 
Blaokbnm, J. U. . . 

Braddock, J 

Blott,E.J3 

Bower, T 

Bickford, J. M. . . . 

Botley, C. E 

Bridge, W 

Belton, W 

Beal, W. B 

Bewlay, H 

Bryan, E 



it 
It 
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ft 
it 

St 

tt 



tt 



(1876 
• • * U877 

London „ 

London 1876-6-7 

Worksop ...... 1877 

Arbroatn ..... 

NewWortley .... 

Beckton 

London 

Sleaford 

Grantham 

Plymonth 

Goole 

Shotley Bridge . . . 

Hertford 

Selby 

Manchester 

Hebden Bridge . . . 

Oldham 

Bichmond 

Lytham ...... 

Garshalton 

Wormwood Scrubs . . 
Cleckheaton .... 
South Shields. . . . 
Maidenhead .... 
Birmingham .... 
Beverley 



tt 
tt 
tt 
tt 
tt 
tt 

St 

tt 
tt 
It 
tt 
l> 
I) 
II 
II 
II 
II 
II 
It 
II 
II 



II 
II 



iB 8. d. 

10 6 
110 
110 

10 6 

1 1 
Id 6 

110 

10 6 

10 6 



1 

1 
1 



1 
1 
1 
1 
1 











Carried forward 



10 6 

110 

10 6 

1 11 6 

10 6 

10 6 

110 

lU 6 

10 6 

10 6 

10 6 

1 1 

10 6 

10 6 

10 6 

10 6 

10 6 

10 6 

10 6 

10 6 

10 6 

10 6 

10 6 

10 6 

10 6 

10 6 

110 

10 6 

Jb2d 18 6 
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Nabm. 

Barton, A 

Bnsh, T. J 

Brown, 

Box, W.W 

Bndden, J 

Broadbnrry, W. H. 

Baker, B 

Benffongh, JTin., J. E. . 

Braddock, J 

Brickies, £S 

Booth, inn., J. . . . 
Bartholomew, H. . . 

Bowen, H 

Broadhead, M. . . . 

Bioadhead, J. ... 

Broadberry, C. . . . 

Brown, J. .... . 

Bennett, W. G. . . . 

Br^mond, L 

Brace, T 

Blaokledge, W. . . . 
Browning. J. T. . . . 
Brown, W. . . . . 

Bower, F 

Ball,J.B 

BorgesB, J 

BnrgeBs, F. J 

Bull, T 

Gatlin. W. H 

Chnrch, J 

Ghamberck W. H. . . 
Cornish, J. H. . . . 

Growe, H. G 

Goles, H. A 

Gowan,W 

Ghild,F.B 

Grayen, G. A. . . . 

Garr,W 

Gox,J.H 

Gross, S 

Granmer, J. S. . . . 

Gopp,W. L 

Gockcroft,J 

Gutler, a. 

Garr, J 

Gockey, H 

Gockey, F. G. . . , 

Ghnrch, G 

Gorhett, W 

Ghadwick, J 

Golson, A , 

Glak, J 

Crook, T.R. . . . , 

Cowen, J. A 

CroBsley, T. G. . . 
Cleland, W. . . . 

Clarke,!) 

Child, W.D. ... 

Clark, H 

Colyer, F 



Address. 

Brought forward 
Gowes 
Beckton . 
Wells . . 
Cravford 
Poole . . 
Tottenham 
Beading . 
Vienna . 
Manchester 
San Felipe 
l^ddlesborongh 
Glasgow . 
Gar££F . 
Great Grimsby 
Great Grimsby 
Harwich . 
Fairford . 
Tiverton . 
Versailles 
Monmouth 
Baonp . . 
Colchester 
Manchester 
Low Moor . 
Longhborongh 
Hnddersfield 
Huddersfield 
Tamworth . 

Kilkenny . 
London . . 
Lowestoft . 
Brid^ater . 
Wellington . 
Todmorden . 
Edinburgh . 
Ilfracombe . 
Dewsbury . 
Halifax . . 
Sunderland . 
Aberffavenny 
Stratford-on-Avon 
Watchett. . 
Littleborongh 
Whitehaven 
Todmorden 
Frome . . 
Frome . . 
London . . 
Stourbridge 
Oldham . . 
Birmingham 
London . . 
Portsea . . 
Blaydon-on-Tyne 
Guernsey 
Linacre . 
Ashton-under-Lyne 
Bomford . 
London . 
London . 



For the Yeir. 
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39 18 6 

110 

110 

10 6 

110 

10 6 

110 

110 

110 

10 6 

10 6 

10 6 

10 

110 

10 6 

10 6 

10 6 

10 6 

10 6 

10 6 

10 6 

10 6 

110 

110 

10 6 

10 6 

10 6 

10 6 

10 6 

110 
10 6 
10 6 
10 6 
10 6 
10 6 
10 6 
10 6 
10 6 
10 6 
10 6 
10 6 
10 6 
10 6 
10 6 
10 6 
10 6 

110 

110 
10 6 

110 
10 6 
10 6 

110 

110 
10 6 
10 6 

10 
10 6 
10 6 

110 
10 6 



Carried forward J970 16 6 
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Name. 

Orookenden, I. A. . . 
Church, R. . . , . . 

Copland, C 

Chapman. J. L. . . . 
Cathels,E. S. . . . 

Croft, W. 

Cotton^E 

Cross, W 

Coombs, J. A. .... 

Cutler, S 

Coulson, J. B. ... 

Darwin, J. M. . . . 

Dear, J. G 

Dunn, J 

Deakes, J. 

Damey, B 

Donaldson, A. • . . 

DaTis, W 

Dixon, C 

Daniel, A. V 

Dore, W 

Duff, W 

Dalffliesfa, J 

DuxDury, T 

Dand,T. 

DougaU, J 

Dawes, S 

Donaldson, A. • • . 
Dayison,W. . • • . 

Dempster, J 

Dempster, jun., B., • 
Dempster, sen., B. 

Dunning, J 

Dougall,A 

Drixnmie, G 

Dover, J 

Dow, A. G 

Doughty, F 

Darnel, W 

Durkin. S.W. . . . 

Dougall, A 

Douglas, J 

Downie, A 

Dayies, J 

Davies, J 

Edmond, J. , \ , , 

Bunson, J 

Eastwood C 

BTans, T 

EUery, C. S 

Evans, F. J 

Earle,N 

Emott,J 

Bldridge, J 

Eldridffe, H. O. . . . 
Edwards, A. J. . . . 

Edson, G 

Ely, J 

Eadington, J. . . . 



Addreia. 
Brooi^btt lot wild 

London . . 
Chichester . 
Hull . . . 
Harrow . . 
Montreal . . 
Morley . . 
TJxbridge . 
Leamington 
Cheltenham 
MillwaU . . 
Derby . . . 

Longton • • 

Baldock [. . 
Bosoommon 
Worcester . 
Faversham . 
Edinburgh . 
Hereford 
Homcastle . 
Portishead . 
Chepstow . 
Morecambe . 
GloBsop . . 
Accrington . 
Exetei . . 
Aberystwith 
Clevedon 
Queenstown 
Crewe . . 
Elland . . 
Elland . . 
Elland . . 
Middlesborough 
Hull . . . 
Holywood . 
Princes Bisboro' 
King's Lynn 
Margate . . 
Dubun . . 
Southampton 
Kidderminster 
Portsea . . 
Cleethorpes 
Kidsgrove . 
Nantwich . 

Newtown 
Northampton 

Batley . . . 
St. Maryohurch 

Neath . . 
Brentford 

London . . 

Ludlow . . 

Bichmond . 
Maidstone 

Taunton . . 

Otley . . . 

Abingdon . 

Blyth . . . 

Carried forward 
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10 6 
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10 6 
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Hiina. 

Fuller, T. 0. . . . 
Fnmivall, G. S. 
Fraser, A. 0. . . . 
Fleming, W. . . . 

Ford, W 

Frith, J. R. . » • 
Forrest, T. ... 
Fiddee, W. . . . 
Forbes, J. * . . . 
Forrand, 0. . . . 
Farrand, F. F. . . 
Freeman, H. S. . . 

Farev, S 

FouliB, W 

Fette,W. B. . . . 

Greenaway, J. . . 
Goddard, E. . . . 
Gr^iham, D. . . . 

Gill, J 

Grimwood, C. W. . 
Gandon, G. ... 

Green^^ 

Gore,H 

Gloag,B.F. . . . 
Gamett, G. . . . 
Gpyatt, T. . . . 
Gibbons, Jan., B. 
Genever,£i. . . . 
Greenfield, J. . . 

Good, B 

Garlick, J. ... 

GoQcb, G 

Green, B 

Gibb,A 

Gil, Clandio . . . 
Giles, T. . . . . 
Goddard, D. F. . . 

Hegarty, J.' . . . 

Harris, J 

Hardick, T. . . . 
Holmes, T. . . . 
Hammond, J. . . 

Hall, J 

Hislop, L 

Hancock, P. . . . 
Hntobinson, J. . • 
Hntohinson, W. 
Hutchinson, G. H. 

Hall J 

Hawkins, J. G. . . 
Himter, B. ... 
Hastings, 0. W. . 

Hunt, 

Hunter, S. ... 
Hepworth, J. . . 
Harding, G. . . . 
Harvey, W. . . . 
Harris, J. . . 
Hallsworth, S. . . 



188 

Addiws. 

Brought forward 
Bamsgate 
Bradley Green 
London . 
Lancaster 
Stockton-on-Tees 
Buncom . 
Walker . 
Bristol . 
Benby Dale 
Croydon . 
Acton . . 
Wandsworth 
Skipton . 
Glasgow 
Boston, U.S. A 

Truro , . 
Ipswich . 
Middleton 
Bridgnorth 
Sudbury . 
London . 
Carrickfergus 
London . 
Stockton-on-Tees 
Byde . . 
London . 
Budley . 
Dunedin, K.Z. 
Torquay . 
Carshalton 
EUdwick 
Bournemouth 
Mitcham 
Belfast . 
Barcelona 
Gowes 
Ipswich . 

Colombo . 

Boss . . 

Salisbury 

Pemambuco 

Lewes . . 

Ballymena 

Bothwell 

Sandbach 

Bamsley 

Bamsley 

Athens . 

St. Helen's 

Wigan . 

Stalybridge 

London . 

Birmingham 

Salford . 

Carlisle . 

Liverpool 

Plymouth 

Plympton St. Mary 

Annley .... 



For the Tear. 
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Name. 



Harper, H. . . 
Hersey, T. 0. 

Holman, S. . . 

Hatch, H. . . . 

Horsley, 0. . . 

Hodeson, J. . . 
HawKsley, G. 
Hathawav, H. 
Harris, F. M. 

Hart, a. . . . 

Harkewitz, H. . 

Howell, E. . . 

Hm,H. . . . 

Hobson, J. . . 
Hammond, W. B. 

Hoile, J. . . . 

Hunter, D. . . 

Hersee, A. . . 

Holmes, W. 0. . 

Hunter, J. . . 

Howitz, G. . . 

Harris, B. . . . 

Hall, J. T. . . 
Hislop, G. B. 

Henry, T. . . . 

Hammond, W. « 

Hammond, W. . 

Helps, a. . . . 

Hunt, H. . . . 

Hamilton, J. . . 

Hartley, 0. L. . 



AddxeM. 

Brought forward 
Eensal Green 
NottingHill 
London . . 
Woolton . . 
London . . 
Ulverston ', 
London . . 
London . . 
Falmouth ', 
Wakefield . 
South Bank 
Yeovil . , 
Huyton . . 
Sheffield . 
Deal . . . 
Folkestone . 
Greenwich . 
London . . 
Huddersfield 
Woolwich . 
Copenhagen 
Bow . . . 
Presoot . . 
Paisley . . 
Ebbw Vale . 
Hampton . 
Bognor . . 
Bath . • . 
Swindon . . 
Chertsey • 
Blackburn . 



Irons, G. B Gosport . 

Iddon, B Southport 



Jowett, J. . . 
Jacobs, 0. . 

Jones, G. E. . 

Jones, B. H. . 

Jones, 0. W. . 
Jones, W. B. 

Jones, W. J. . 
John, H. T. A. 

Jacques, J. . . 

Jolliffe, J.T. . 

Jervis, J. J. . 

Jones, W. . . 

Jackson, B. . 



Great Grimsby 
Blackwater . 
Chesterfield 
Dover . . . 
Milan . . . 
Monte Video 
Malta . . . 
Messina . . 
Stockport . 
Hendon . . 
New Swindon 
Dalton-in-Fumess 
Bichmondy Yorks 



£er, A. P Birmingham 

Kelly, B.B. . . '. . . London . 

King, B London . 

King, W. ...... Liverpool 

Keys, B. P. . . . J . London . 

Kershaw, B Calcutta . 

Kitt, A London . 

Key, W Glasgow . 

Lewis, B Carmarthen 

Lord, E Whitworth . 

luoxlay, T. ..... Church . . 



For the Year. 
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Hams AddreM. 

Brought forward 

L*yioii,T. :..... Bedditch . 

liongworth, W Dnkiiifield . 

Layoook, J Edghley 

LitUewood, W Manoheater 

Lowe, J Bxidport . . 

liockwood^ Stalybiidge. 

Lloyd, G. H Birmingham 

Lass, A London . . 

Lnkey, B. J Fahnonth , 

Leather, S. P Bnmley . . 

LiTeeey, G London . . 

LiTeaey, F London . . 

Loam, M. H Nottingham 

Liyeaay, J. G Ventnor . . 

Livesay, A. F Chale . . . 

Lane, G AyleBbnry . 

Legg, H OsBett . . 

LitUe, B Sittingboame 

Lapton^ J Leeds . . 

Lyne, J. Wexford 

Laing, B. J London . . 

Leach, W. T Ventnor . . 

Laidlaw, D Glasgow . . 

Linging,B Etroiia . . 

MitoheU, H. J Homsey . . 

Moon. W.J SoarboroT^h 

McMillan, J Stoke-on-Trent 

Marr, B Sandown . 

Methven, J London . . 

Middleton, J Wandsworth 

Mills, W.F Dartford 

Murray, S Uttoxeter . 

Melling, T BainhiU . . 

Morton, B London . . 

Mackay, A. Edinburgh . 

Mead, A Chelmsford 

Mildred, M. London . . 

Mossmann, T West Hartlepool 

Miles, W. Clitheroe . 

Morland, B Gloucester . 

Martin, T.H NewBamet 

Morton, J Ashf ord . . 

Meams,J Banbridge . 

Mnzray, M Bungay . . 

Moore, T Macclesfield 

McGKlchrist, J Dumbarton 

Markham, T. T. ... London . . 

May, T Canterbury . 

Miurtin, H. B. H. ... Llanelly . . 

Malam, G.D Binglej . . 

Malam, A. Dumines . 

Monk, L Lanark . . 

Mead, C. B Sutton . . 

Mead, F Sutton . . 

McCrae, J Bury St. Edmunds 

Mackenzie, W Dunfermline 

Meiklejohn, J Houghton-le-Spring 

Morris, J Jersey . . 

MeDougall, J. T. ... London , . 

McDougall, A Manchester 



For the Tear. 
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VMM, AddrtM. 

Bronght forward 

MartyiifJ Wadebridge 

Mann, W Gunnersbiiry 

Moor, W. ...:.. Fence Houses 

Manning, H Hythe . . 

Medhurst, jnn., W. . . Folkestone . 

Mndie, J Bnrton-on-Trent 

Mnxphy, D Manchester 

McPnerson, A Kirkcaldy 

Martin, J Ormskirk 

Martin, M Drogheda 

Miles, J Bolton . 

Manwaring, J London . 

Monnier, I) Paris . . 

McCrae^B. M Dundee. 

Mortis, W.J Eltham . 

Murphy, A. M Cirencester 

Marsland, J Newry . 

Monson, P London . 

Macnie,J Londonderry 

Melling, T Bainhill 

Merriman, J. D. ... Pioton 

NewbiAffing, Thomas . . Manchester 

North, W Stourbridge 

Newton, B Oldham 

Newall, H Manchester 

Niven. J. Clayton . 

Nicholls,J. S South Bank 

Osbom, G. H Bromley . 

Oeden, S.B Blackburn 

OIdfield.F. W Hull . . 

Ohren, Magnus .... London . 

Ohren, J Bio de Janeiro 

O'Neill, J. W London . . 

Ogg, D.W London . . 

Osmond, W. Dorchester . 

Orme,D Oldham . . 

Price, E Hampton Wick 

Peaty, H Longport . 

Pritchard, F Soutiiport . 

Porteous,W Hendon . . 

ParkinsoUyG. J Birmingham 

Parsons, W Atherstone . 

Pater8on,J Warrington. 

Parlby, W Sheffield . . 

Phelps, J Marlborough 

Paterson, B. O Cheltenham. 

Pater8on.T. O Bochdale 

Proud, T. Birmingham 

Pike, E. S Ystrad . . 

Price, B Llandudno . 

Potter, A Newcastle-on-Tyne 

Potter C. J Newcastle-on-Tyne 

Penney. J. H S. Shields 

Penny, A London . 

Peebles, D. B Edinburgh 

Phillips, A. F St. Albans 

Parsons, M. J Camarron 

Pazzani, J Vienna . 

Packham, H. F Kingston-on-Thames 

Carried forward . 
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Name. 

Phillips, W.B . . . . 

ParsonSy J. H 

Palmer, J. E 

Peeks, H 

Pepys, W. H 

Pierson, H. S. . • . . 

Padfleld,W.A 

Prescott. W 

Philps, W 

xSeici, «!•• 4 • 

Bobinson, G. B. . ^ . . 

Bobinson, W. L 

Beed, J 

Bidley,G 

Beid, J 

Biley,J 

Beeves, J. S 

BnsselL J 

Biley,F 

Bichards, W. 

Bnssell, F 

Baforel, W. G 

Boberts, W. H 

Bogers, G 

Bandall, J 

Itichmond, J 

Bobinson, G. A 

Bobinson, C. S 

Bedman, J 

Bead, J 

Bead,C 

Bussell, W. J 

Boss, B 

Singleton, H 

Stephen, W. H 

Sapey, E 

Shaiil,E 

Simpson, P 

Sainsbniy, H 

Stout, W 

Smith, W 

Stndholm, S 

Saville, G. E 

Sparke, J. B 

Surl, J 

Syms, W 

Smith, inn., W 

Smith, J. B 

Stiven, W 

Stiyen, D 

Stevenson, G. E. . . . 

Scott, G 

Sidle, B. J 

Stenart, D. V 

Smedley, G 

Storer, J. 

Sadler, S. A. 

Sellers, 

Sheppard, B. . * • • 



Address. 

Brought forward 
Litton .... 
Oswestiy. . . 
Qie&t Malvern. 
Thome . . . 
Ehrenfeld . . 
Wandsworth . 
Exeter. . . . 
Prescot . . . 
Dorlang . . . 



For the Year. 



Edinburgh . . 
Coventry . • 
Goventiy • • 
Newport . . . 
Newcastle-on-Tyne 
Derby. . . . 
Brighouse . . 
Bilston . . . 
Uxbridge . . 
Bishop's Stortf ord 
London . . . 
nfracombe . . 
Barnstaple . . 
Newton Abbott 
Hexham . . . 
Tottenham . . 
Worthing . . 
Leicester . . 
Leicester . . 
Haworth . , . 
Tunbridge Wells 
Bed Hill . . . 
Croydon . . . 
Hiogo .... 



Dronfield . . 
Sydney . . . 
Tamworth . . 
Penrith . . . 
Bugby. . . . 
Trowbridge . . 
Boston . . . 
Darlington . . 
Whitehaven . 
Sowerby Bridge 
Leeds .... 
Tralee . . . 
Bochester . . 
Hyde .... 
Padiham . . . 
Inverness . . 
St. Thomas, D.W 
Peterborough . 
Tunbridge Wells 
Hythe . . . 
Bradford . . . 
Buxton . . . 
Stafford . . . 
Middlesborough 
York .... 
Horsham . • • 
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Name. 

Steyeneon, G. "W. 
Stansfield, W. . 
Smith, E. . . . 
Shimeld. W. . . 
Shone, C. G. . . 
Stephenson, H. P. 
Smith, J. . . . 
fiteyens, F. J. . . 
bwallow, D. . . 
Bteyenson, S. E. 
"Jtofinonth, T. . 

Smith, E. . . . 

Stelfoz, J. . . . 

Hone, Thos. . . 

JtiU,A.H. . . . 



Address. For the Year 

Brought forward 

London 1877 

Exeter . 

Droitwich 

Bnndalk . 

Southall . 

London . 

Sunbnry . 

London . 

Bradford. 

Exeter ... 

St. Anne'^-on-the-Sea 

Darlington 

Belfast . 

"Weymonth 

Cork . . 



Tinney, W. XJ. 
throsby, W. P. 
Tayler, J. . . 
Thorns, A. . . 
Thomas, J, 
Terdrey, C. . 
Thomeloe, G. . 
Taylor, C. . . 
Thomas, H. . 
Tobey,H. . . 
Trewhitt, T. . 
Trewby, G. C. 
Travers, T. 
Thomas, E. P. 
Townsehd, H. 
Tallentire, T. . 
Timmins, J. . 
Tindall, J. . . 
Tait,W. . . . 



Venner, B. G. . 
Varley, T. . . 
Varley, W. H. 
Valon, W. A. . 
Vanheson, G. B. 



Wells, H. P. . 
Wadeson, J. . 
Walker, W. A. 
Winstanley, W. 
Winstanley, G. 
Wright, J. . . 
Wright, W. . 
Wright, C. . . 
Woodward, J. . 
Woodall, C. . 
Willey,H. . . 
Warner, W. J. 
Wilkinson, P. H. 
Whyte, P. . . 
White, C. . . 
White, T. W. B. 
Wilson, A. P. . 
Watson, W. . 
Whitaker, W. B. 



Winchester 
Lincoln . 
Parehisbm. 
Pamley . 
Bodmin . 
Tavistock 
London . 
Derby . . 
Oldham . 
Kew Malton 
West Hartlepool 
Beckton . 
Cork . . 
Ware . . 
Waltham Cross 
Lnrgan . 
Leigh . . 
Walsall . 
Portadown 

Eton . . 
Colne . . 
Colne . . 
Bamsgfkte 
Bochester 

Tredegar . 
Windsor . 
EUand . 
Newcastle-nnder- 
Coventry 
Bi r mingham 
Shipley . . 
Saffron Walden 
Spalding . . 
London . . 
Exeter . . 
S. Shields . 
Harrogate . 
Cardiff . . 
Blaenavon . 
Sherborne . 
London . . 
Sheffield . . 
BnanoB Ayres 
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Kaaa. 



WHliunB^A. . . 

Walduck, C.E. . 

WatoBji. . . . 

Wood,W. . . . 

Wood. A. H. . . 

Whitehead, W. S. 

West. J 

Woodniff, W. W. 

White. W. . . . 

Whitaker. J. W. . 

Walker, T. . . . 

Watson, J. . . . 

5^1d,.J. . . . 

White, E. . . . 

Waller, G. . . . 

Webb, T. . . . 

Wright, W. . . 

Watson, S. . . . 

Walker. W. T. . 

Willis, W. H. . . 

Watson, J. H.. . 

Wimhurst, H. . . 

Warsop, H. . . . 

Wilson, W. P. . 

W]igle7.E. G. . 

Wates,P. J. . . 

Whyte.J. . . , 

Woodall,H. . . 

Wilkinson, T. . . 

White, W. . , . 

Wright, G.. . . 

Walton, T. . . . 

Whitehead, J. . 

Waters, a, 3.. . 



AddrsM. 

Brought forward 
London . 

London . . , 

SUyertown . . 
Barrow-in-Furness 

Hastings . . . 

Bradford . . . 

Maidstone . . 

Sandwich . . 

Woolwich . . 

Wakefield • . 

Wrexham • . 

Heme Bay . . 

Manchester . . 

Birmingham . 

Stroud . . . 



For the Year. 



Egham . . . 
Brighton . . . 
Tunstall . . . 
London . . . 
GHi. Yarmouth . 
Edinburgh . . 
Andover . . . 
East Croft . . 
London . . . 
Ashton-under-Lyne 
(Greenwich . . 
Seaham Harbour 
Leeds .... 
Newmarket . . 
Abersyohan . . 
Bedcar . . . 
Shrewsbury . 
Dronfield . . 
Portland . . . 



1877 
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£886 18 6 



SALE OF REPORTS. 



•. d. 

4 10 
6 4 



B.L. Andrews London 

F. G. Bamshaw Great Grimsby 

W. Stiyen Inyemess 6 8 

A. J. Doye London 280 

A. Penny London 280 

H. Thomas Oldham 6 

T. L. Sheppard Famworth 6 

A. Gibb Belfast 64 

A. Penny London 6 6 

T. Bower Lytham 10 8 

Beady money sales of Beports to booksellers and others . .8163 
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ENTRANCE FEES. "" 

£ 

T. Lookwood Stalybridge 5 

S. Hallsworth Armley 6 

W. Corbet Stourbridge 6 

J.Dempster Elland 6 

B. Dempster, jun Elland 6 

J.Wrifl^t Birmingham 6 

E. G. Wxigley Ashton-under-Lyne 6 
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HENRY NEWALL, 10, Marsden Street, Manchester. 
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John Douglas, Gas-Works, Portsea. 
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W. J. Wabneb, Gas-Works, South Shields. 
Chables Hunt, Gas-Works, Windsor Street, Birmingham. 
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ALFRED LASS, 80, Gracechurch Street, London, E.C. 
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EEGULATIONS. 



SECTION I.— Object. 

1. — This Association shall devote itself to the encouragement 
and advancement of all matters connected with Gas Engineering, 
Manufacture, and Finance — being established to fSacilitate the 
exchange of information and ideas among its Members. 

SECTION II.—CoNSTiTunoN. 

2. — ^This Association shall consist of Ordinary, Extra-Ordinary, 
and Honorary Members. 

3. — Ordinary Members shall be either Engineers, Managers, or 
Secretaries of Gas-Works [except in special cases in which the 
Committee may deem it necessary that the rule shall be relaxed], 
who may make application for membership and be admitted. 

4. — ^Extra-Ordinary Members shaJl consist of gentlemen taking an 
interest in matters connected with Gas -Works, and shall only be 
admitted upon being elected at the Annual General Meeting of the 
Association by a majority of two-thirds of the Members present, 
and will be allowed to take part in its proceedings. Besides paying 
the Annual Subscription, they will pay an Admission Fee of £5. 

5. — Honorary Members shall be gentlemen who take a deep 
interest in matters connected with Gas Engineering, and whose 
scientific or practical knowledge recommends them to the 
Association. 

SECTION III.— Management. 

6. — ^The Management of the affairs of the Association shall be 
confided to a Committee, subject to the control of the General 
Meetings. 

7. — ^The Officers shall consist of a President, three Yice-Presi- 
dents, Treasurer, Secretary, nine Members of Committee, and three 
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Members of Finance Committee, to be elected at the General 
Meeting, in the manner hereinafter directed. The President, Fast 
President, or Acting President for the preceding year, Vice-Presi- 
dents, Treasurer, Trustees, Finance Committee, and Secretary shall 
be ex officio members of the General Committee. Five to be a 
quorum. 

SECTION lY.— DuTiBB of Officb-bbjlbbbs. 

8. — ^The Office-bearers shall assume office immediately after the 
meeting at which they are elected. They shall hold meetings, and 
make arrangements for carrying out the objects of the Association. 

9. — The President shall take the chair at all meetings at which, 
he is present. He shaU conduct and keep order, state and put 
questions, and, if necessary, ascertain the sense of the meeting 
upon matters before them. He may sum up, at the termination of 
discussions, the opinions given, and declare what appears to be 
the object or intention of the speaker, to which he may add his 
own opinion ; and he shall carry into effect the regidations of the 
Association. 

10. — The Vice-Presidents shall take part in the proceedings, and 
one of them shall take the chair in the absence of the President, 
and perform the duties enumerated in the preceding regulation. In 
the absence of the President and Vice-Presidents, a Chairman to be 
nominated from the other members of the Committee. 

11. — The Secretary shall, on being appointed, receive all moneys, 
and pay the same to the banking account of the Association. He 
shall also take minutes of the proceedings at all the meetings of the 
Association, and enter them in proper books provided for the pur- 
pose. He shall write the correspondence, read minutes and notices 
at all the meetings, and also papers and communications, if the 
authors wish it, report discussions, and perform whatever other 
duties may be indicated in the regulations of the Association as 
appei-taining to his department. 

12. — The duties of the Treasurer shall be to keep in safe custody 
the funds of the Association. 
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13. — ^The Finance Cotnmittee shall meet periodically to receive 
from the Secretary a statement of accounts, and make all payments 
by cheque, signed by at least two members of such Committee, and 
countersigned by the Secretary. 

SECTION V.-AuDiTOBs. 

14. — ^Two Atiditors, who shall be Members of the Association, 
but not Office-Bearers, shall be chosen at each General Meeting, to 
examine the accounts and statements produced by the Secretary and 
Treasurer. 

SECTION YI. — Meetings Ain) Phocsedinob. 

15. — The Association shall hold General Meetings annually, at 
such time aUd place as shall be atianged at the preyious General 
Meeting. 

16. — ^At every General Meeting of the Association, the Secretary 
shall first read the minutes of the preceding meeting, which, on 
approval, shall be signed by the Chairman ; the Secretary shall next 
read any notices or papers which may be brought before the meet- 
ing, after which new Members shall be admitted. Any business of 
the Association shall then be disposed of^ and any communications 
or papers for the day be read. 

17. — The Secretary shall issue notices to all Members of the 
Association at least fourteen days before each General Meeting, 
mentioning the papers to be read, and the business to be brought 
forward at the meeting. 

18. — The Committee shall meet one hour before each meeting of 
the Association, and on other occasions when the President shall 
deem it necessary, of which notice shall be given by special circulars. 

19. — ^AU questions to be decided by any convenient system of open 
voting, the Chairman to 4iave a second or casting vote when neces- 
sary. Questions of a personal nature shall be decide by ballot. 

20. — Any Member, with the concurrence of the Chairman, shall 
have power to admit a friend to each meeting of the Association, 
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23L — EwTT agpiuans fiar ■■iinTii iiilii^i lUI i^^ii^ tke aae ik 
^is^n^ ^ the SeoEBHET^ wiu ^aaJ^ ih iii Bllir mtibmak it to llie 
Concxxfisee. ^ be eauutuiumi anil bm^gjkK lir Aok IkChs tiie next 

2-L — ^&:ii0ianr %MiLb«s ^ulU !« pcop owd to or lij tiie Cooft- 
misteer and nctke thereof daU Iw grrtn lij ^e iSnuliij at the 
next meetTTTg of the JLdMxssUdon, irho sIhJI admdk tiMB, if a pmov o d 

hj twchthipls of the Members |:reaaiL 

25. — ^Xew Membezs to be ^JoaaJbr i nt io da ced bj tlie ChaiTnum 
after being elected, idkOL their names siaH be entered in a loll-book 
of the Aaaociation, and the j ahall at the same time lecenre a copy 
of the Rgoktions. 

36— K anj pezson paropoaed for memberaiiq», on being balloted 
Ibr, be rejected, no notice shall be taken of the proposal in the 
minntes. 

27. — ^Xhe President, Yice-Piesidents, Tieasaier, and Secretary 
shall be elected annually. 

28. — ^The President shall in no case hold that office for a longer 
period than one year; and, at the expiration of such period, he shall 
not be ro-eligihle for that office for the period of three years. 
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29. — Three Members of the Committee shall retire annually in 
rotation, and be ineligible for re-election during the following year. 

30. — ^The Committee shall, previous to the Annual Meeting in 
each year, prepare a list of Members whom they nominate as suit- 
able for the ofi&ces of President, Vice-Presidents, Treasurer, and 
Secretary for the ensuing year. The list shall also contain the names 
of Twelve Members who have been nominated as fitted to 
become' Members of the Committee, and three Members to serve as 
a Finance Committee. It shall be open to any Member to propose 
another as a Member of Committee. If the proposal is duly made, 
and supported by the names of two other Members, and sent to the 
Secretary on or before the 31st of March preceding the Annual 
Meeting, the Committee shall accept the nomination, and include 
the name of the gentleman so proposed in the voting list, l^o 
Member shall propose or support the nomination of more than one 
Member of Committee in the same year. The number of names 
to be nominated by the Committee shall be reduced from twelve, 
as at present, to six; but in the event of there not being six names 
nominated by other Members, the Committee shall till up the 
number to twelve, as required by the rule. A copy of such list to 
be forwarded to each Member of the Association before the Annual 
Greneral Meeting, and each Member shall be at liberty to make 
a selection from the list, or to substitute the name or names of 
any other Member or Members for each respective office ; but the 
number of names so selected or substituted must not in any case 
exceed the number to be elected to the respective offices. 

SECTION YIII. — Contributions of Mejcbebs to the Association. 

31. — Every Ordinary Member shall contribute the sum of not less 
than 10s. 6d. annually, and every Extra-Ordinary Member elected 
in the year 1877, and prior thereto, shall contribute a sum of not 
less than 10s. 6d. per annum, but every Extra-Ordinary Member 
elected subsequent to the year 1877 shall subscribe Two Guineas 
per year. 
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32. — Honomj M embeis shall not be required to pay any con- 
IxibiitiiMii. 

33u — Hm Annnal Contribntions are due on the 1st day of 
Jannaiy in each year, and shall be payable in advance. 

54. — ^No Member whose contnbation is in arrear shall be entitled 
to Tote, or to leceive a copy of the Beport of Proceedings. 

35. — Any Member retiring from the Association shall continue 
to be liable for annual contributions which shall haye accrued due 
preYionsly to the time at which he shall have given written notice 
of his retirement to the Secretaiy. 

36. — ^Any Member may compound for his AnimAl Subscription 
by the payment in one sum of Ten Cruineas. All such compositions 
ahaU be invested in the names of three Trustees^ and the interest 
alone shall be appropriated to the current expenditure of the Asso- 
dation, except by special direction of the Committee. 

37. — ^The Ck)mmittee shall bring before the Members at eyery 
Annual Gieneral Meeting the names of such persons as may have 
allowed their subscriptions to &11 into arrear for two consecutive 
years, exclusive of the current year, whereupon the de&ulters 
shall be struck off the list, and cease to have any advantage, right, 
or privil^e in the Association, unless sufficient cause is shown 
to the contrary. In the event, however, of any Member pajring 
up all his arrears, he shall be entiUed to re-admission without 
re-election. 

SECTION EX.— Byb-Laito. 

38.— Any proposition for adding to or altering the regulations 
shall be laid before the Committee, who may bring it before the 
Association, if they think fit, and who shall be bound to do so on 
the requisition, in writing, of any five Members of the Association, 

39. — Each Member of the Association shall be annually furnished 
by the Secretary with a copy of the Rules and Regulations, and also 
with a list of the names and residences of the Members, provided 
that his subscription has been paid. 



BEITISH ASSOCIATION OF GAS MANAGERS. 



Ths Figures preceding the Names indicate the Date of Election, 

A * prefixed to the Date denotes that the Mftnber is a Contributor to the benevolent 

F\md, 

Honorary Members. 

NAltl. Addexsb. 

*1864 Blackburn, James Gas- Works, Calcutta 

1878 Dresser, G. Warren . . . . '42, Pine Street, New Totk, tT.S.A. 

1866 Durand, Emile 72, Faubourg Montmartre, ^ariB 

1877 Qlaisher, Jas Blackheath 

«1873 Hartley, Fredk. W 55a, Millbank Street, Westminster, S.W. 

1864 Hawksley, Thomas [trustee 

and Fast Fyesident) .. .. 30, Great George Street, Weetminater, S.W. 

1878 Lebon, Eugene 15, Bue Drouot, Paris 

1873 Macadam, Dr. Steyenson . . Surgeon's Hall, Edinburgh 

1878 Mallet, Alfred 54, Bouleyard de la Yilette, Paris 

1868 Odling, Dr Oxford 

1877 Richardson, Wm 62, Pershore Bd., Edgbaston, Birmingham 

1878 Servier, Edouard 18, Bue de Maubeuge, Paris 

1873 Sugg, William T Yincent Works, Vincent Street, West- 
minster, S.W. 

1878 Yautier, Emile 30, Qua! St. Antoine, Lyons, France 

{l/^umber of Sonorarjf MemberSf 14.) 

Ordinary Members. 

1866 Allan, Geo. A Gas-Works, Willington Quay, near New- 
castle-upon-Tyne 

1873 Alsop, Samuel Gas-Works, Pool Close, Pinxton, Alfreton 

*1871 Ambler, William Gas-Works, Saltaire, Bradford 

*1866 Anderson, Geo 35a, Great George Street, Westminster, 

*1868 Anderson, Thomas Gas-Works, Bath [S.W. 

1871 Andrews, Henry Ward . . . . Gas-Works, Smyrna 

1864 Andrews, Thornton . . . . Gas-Works, Swansea 

1866 Annan, John Gas-Works, Wolverhampton 

1873 Armitage, Charles Gas Office, Dewsbury 

1867 Amott, John 53, Belle Yue Boad, Leeds 

1876 Ashley, William Gas-Works, Tenbury 
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Name. Abd&sss. 

876 Aahtoo, Joseph Chapel . . . • Gas- Works, Old Swindon, Wilts 

877 Ayria, John Snrrej Street, Norwich. 



868 
873 
871 
868 
868 
876 
876 
875 
877 
870 
864 

871 
867 
876 
870 
864 
875 
876 
876 
872 
875 
877 
864 
875 
864 
877 
865 
875 

867 
864 
870 

877 
871 
877 
869 



Baokler, Henry M'L. 
Bailey, George Daniel 
Bailey, William 
Baker, Edward 

Ball, John B 

Ball, T. Banbury . . 

Bamett, £ 

Bamley, Frederick. . 
Barratt, Samuel . • 
Barratt, William 
Bartholomew, H. . . 



Barton, Alfred 

Bates, William 

Beal, William Earl . . . . 

Beale, Frederick 

Bell, Thomas 

Belton, William 

Bengough, Jun., John E. 
Bennett, William Cuthbert . . 

Berry, George 

Bickerton, George . . • • . . 

Bickford, J. M 

Billows, H. B. 

Blackburn, John Uttley. . . . 
Blaokledge, William 

Blott, E. B 

Booth, Jun., John 

Botley, Charles Edward 



Bouttell, ThoB. Hy. 
Bowen, Henry 
Bower, Frederick . 



Bower, Thos 

Box, William W 

Brace, Thos 

Braddock, Jas. (Mem. of Com,) 



11, Austin Friars, London, E.C. 
6as-Works, Eensal Green, London, W. 
Gas- Works, Camborne, Cornwall 
Gas- Works, Reading 
Gas- Works, Loughborough 
Gas- Works, New Wortley, near Leeda 
Barrack Gas- Works, Fermoy, Co. Cork 
Gas- Works, Alton, Hants 
Corporation Gas- Works, Gaythom, Man- 
Gas Office, Grantham [cheater 
Glenorchard, Torrance of Campsie, near 

Glasgow 
Union House, West Cowes, Isle of Wight 
Gas- Works, Worksop 
5, High Street, Maidenhead 
Gas-Works,Beckton, North Woolwich, £. 
Gas-Works, Selby 

5, Ravensboume Terrace, South Shields 
Gas-Works, Wahring, Vienna, Austria 
Gas-Works, Tiverton 
Ashford 

Gas-Works, Goole, Yorkshire 
Gas-Works, Carshalton, Surrey 
29, Camden Road, London, N.W. 
Gas-Works, Hebden Bridge 
Gas-Works, Bacup 
Gas-Works, Richmond, Surrey 
Gas-Works, Middlesborough 
Gas-Works, Mitre Lane, Wormwood 

Scrubs, W. 
Gas-Works, Sleaford 
Gas-Works, Cardiff 
Gas-Works, Low Moor, North Bierley, 

near Bradford 
Gas-Works, Lytham 
Gas-Works, Crayford, Kent 
Gas and Water- Works, Monmouth 
Gas-Works, Rochdale Road, Manchester 
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Xamx. Addkxm. 

1874 Braidwood, J. F Phoenix Gas Office, Bridge Foot, Yaux- 

haU, S.W. 

1876 Br6mond, Luoien Oompafiia Madrilefta de Alnmbrado y 

Calefacoion per Graa, Madrid 

•1872 Brett, Robert William .. .. Gas- Works, Hertford 

1867 Brickies, Edward Gas-Works, San Felipe, Chili 

1874 Bridge, B The Plant, Doncaster 

1877 Bridge, Wm Gas- Works, Dukinfield 

1875 Broadberry, Charles .. .. Gas- Works, Harwich 

1878 Broadberry, F Gas-Works, Southend 

* 1872 Broadberry, William Henry. . Gas-Works, Tottenham, N. 

1873 Broadhead, James Gas-Works, Great Grimsby 

1864 Broadhead, M Great Grimsby 

1872 Brothers, Franeis William .. Livesey Chemical Works, near Blackburn 
1869 Brothers, Horatio Gas-Works, Kensal G^een, London, Wt 

•1871 Brown, Allan Gas-Works, Woodford, Essex 

1873 Brown, Charles Gas-Works, Wells, Somerset 

1866 Brown, John Gas-Works, Fairford, Gloucestershire 

1867 Brown, William Victoria Foundry, 43, City Road, Man- 

chester 

1874 Browning, J. T Gas-Works, Plymouth 

1874 Browning, J. T Gas-Works, Colchester 

1876 Bruce, Thomas Gas-Works, Shotley Bridge 

•1872 Bryan, Eli Gas-Works, Beyerley 

1875 Budden,John Gas-Works, Poole 

1867 Bull, Thomas Gas-Works, Tamworth 

1877 Burgess, F.J Gas- Works, Huddersfield 

1867 Burgess, John Gas-Works, Huddersfleld 

1874 Bush, T. J Gas-Works, Sydney, New South Wales 

1878 Canning, Thos Gas-Works, Newport, Monmouthshire 

1878 Carpenter, Stephen .. •• Gas-Works, Bow Common, London, E. 

♦1868 Carpenter, W. T Gas-Works, Sheerness 

1877 Carr, Isaac 10, Crownpoint Road, Hunslet, Leeds 

1876 Carr, William (Mem, of Com.) Gas-Works, Halifax, Yorkshire 

1878 Carter, Henry Ward . . . . Gas-Works, Winsford, Cheshire 

1864 Cathels, E. S Hamilton, Ontario, Upper Canada 

1871 Catlin, William Henry . . .. Gas-Works, Kilkenny 

1875 Chadwick, John Gas-Works, Oldham 

1865 Chambers, W. H Gas-Works, Lowestoft 

1874 Chapman, J. L Gas-Works, Harrow, Middlesex 
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Navb. Addeiu* 

1878 GheBter, Wm. Reginald. . . . Phoenix Gu-Worki, Gi«envich, S.£. 

1878 Chapman, John Gas- Works, Harrow, Middlesex 

1870 Child, Frederick B. . Q as- Works, Bfraoombe 

1874 Child, W.D Gas- Works, South Street, Bomford 

•1874 Church, G. F 5, Wilmington Square, London, W.C- 

*1873 Chivdi, Jabez 17b, Great George Street, Westminater, 

1864 Church, Bobert Gas- Works, Chichester [London, S.W. 

1870 Clark, Henry Gas- Works, Great Cambridge Street, 

Hackney Bead, London, £. 

1870 Clark, John Gas- Works, King's Cross, London, K. 

1872 Clarke, Dand Gas- Works, Ashton-under-Lyne 

*1875 Cleland, William .. .. .. Gas- Works, Linacre, Liyerpool 

1876 Cleminahaw, Thomas Stanley Gas- Works, Christchurch, Canterbury, 

New Zei^land 

1868 Cocker, John Leea Gas- Works, Merthyr Tydfil 

1865 Cockey, Henry Gas- Works, Frome, Somerset 

1867 Cockcroft, John Gas- Works, Littleborongh 

1873 Coles, Henry A Gas- Works, Todmorden 

1876 Colson, Alfred Gas- Works, Windsor Street, Birmingham 

*1875 Coombs, John A Gas- Works, Cheltenham 

1864 Cooper, W. ^ Gas- Works, Banbury 

1876 Copp, Walter Lewis . . Gas* Works, Watchet, Somerset 
1870 Cornish, James Hughes •, Gas- Works, Bridgwater 

1877 Cotton, Edwin Gas- Works, Uxbridge 

1869 Coulson, James B 92, Friar Gate, Derby 

1866 Cox, John H Gas-Works, Sunderland 

1872 Cranmer, Job Seymour . • . . Gas-Works, Stratford-on-Ayon 

1864 Crayen, Charles A Gas-Works, Pemambuco 

1875 Croft, William Gas-Works, Morley, near Leeds 

1867 Croll, Col. A. Angus (Pox^PrM.) 41, Wool Exchange, Coleman Street, 

1874 Crook, T. B Gas-Works, Portsea [London, £.G. 

1869 Crookenden, Isaac Adolphus.« Phoenix Gas Office, 70, Bankside, London, 

*1870 Cross, Samuel Gas-Works, Abergayenny [S.£. 

1875 Cross, William Gas-Works, Leamington 

1872 Crossley, Thomas C Gas-Works, Guernsey 

1867 Crowe, Henry G Gas-Works, Wellington, Somerset 

1878 Culyer, George Gas-Works, Hythe, Kent 

• 1872 Cutler, George New Gas-Works, Whitehayen 

1878 Daley, William Gas-Works, Inyercargill, Southland, New 

1876 Dalgliesh, James Gas-Woriss, Glossop [Zealand 

1864 Dand, Thomas Linden Yale, St. Dayid's, Exeter 
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Naxi. Abbrsm. 

1877 Daniel, Atohason y Gaa- Works, Ponishead, Somerset 

1871 Daniel, WiUiam /Jfi, Mary Street, Dublin 

1878 Damey, Jun., Robert ., ,. Gas-Works, Bournemouth 
*18W Darney, Robert Gas-Works, Faveraham 

•1869 Darwin, James Malam . . ., Gas-Works, Longton, Staffordshire 

1867 Darwin, S. B Gas-Works, Shrewsbury 

1867 Davies, John Gas-Works, Kidsgroye 

♦1876 DaTies, John Gas-Works, Nan twich 

1878 Dayis, George J Gas-Works, Fazeley Street, Birmingham 

1868 Davia, William Gas-Works, Hereford 

1877 Davison, William Gas-Works, Crewe 

1877 Dawes, Samuel Gas-Works, Clevedon, Somerset 

1878 Dawson, W. C Gas-Works, Arundel, Sussex 

1867 Deakes, Josiah Gas-Works, Worcester 

1871 Dear, James Gilbert • • • . Gas-Works, Baldock, Herts 

*1864 Dempster, B Gas Engineer, EUand 

*1872 Dixon, Charles Gas-Works, Homcastle, Linsolnshire 

1876 Donaldson, Andrew . . Gas-Works, Queenstown, Ireland 

1877 Donaldson, Geo 35a, Gt. George Street, Westminster, S.W. 

1867 Donaldson, John Gas-Works, Dover 

1865 Dore, William Gas-Works, Chepstow 

1871 Dougall, Andrew Gas-Works, Eingston-upon-Hull 

1872 Dougall, Archibald Gas-Works, Kidderminster 

1877 Dougall, Jas Gas-Works, Aberystwith, South Wales 

•1870 Doughty, Frederick ,. .. Gas-Works, Margate 

1873 Douglas, David 

1 866 Douglas, John ( Viee-Fretideni) Gas-Works, Portsea 

1866 Douglas, Eobert West Grove House, Emsworth, Hants. 

1868 Douglas, Thomas Cross House, Aldershot 

1873 Dover, John William . • . . Gas-Works, Princes Bisborough, Bucks 
1875 Dow, Arthur Graham .. .. Gas-Works, King's Lynn 

1874 Downie, A Gas-Works, Cleethorpes, nr. 6t. Grimsby 

1878 Dozell, Henry 11, Austin Friars, London, E.C. 

1873 Drimmie, George Gas-Works, Holy wood, Ireland 

1870 BvdS, William Gas-Works, Morecambe 

•1876 Dunn, James Gas-Works, Roscommon, Ireland 

1875 Dunlop, William Gas-Works, Hamilton, N.B. 

1864 Dunning, John Middlesbrough 

1874 Durkin, S. W Gas-Works, Southampton 

1875 Dyson, Edward Gas-Works, St. Helen's 

1876 Doxbury, Thomas . . . . . . Gas-Works, Darwen 
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Naxb. Addmm. 

869 Etdxngfton, James Gas- Works, Blyth, Northumberland 

873 Earle, Norwood 80, Gannon Street, London, E.C. 

874 Eastwood, C Corporation Gas-Works, Badey,Toikslui« 

871 Edmond, James Gas- Works, Newtown, Montgomeryahire 

872 Edson, George Gas-Works, Otley, near Leeds 

873 Edwards, Alfred James . . . . Gas- Works, Taunton 

870 Eldridge, Henry Oswald .. Gas-Works, Maidstone 
866 Eldridge, James (Member of 

Finance Oomtnittee) . . . . Gas-Works, Biobmond, Surrey 

874 Ellery, C. S Gas-Works, Neath, Glamorganshire 

875 Elliott, James Gas-Works, Ludlow 

874 Ely, J Gas-Works, Abingdon 

872 Eunson, Jun., John . . . . Gas-Works, Northampton 

870 Evans, Frederick John . . . . Clay Ponds, Brentford 

877 Eyans, Thos Gas-Works, St. Mary Church, Torquay 

868 Everist, Henry Thomas.. .. 



872 Farrand, Frank Frederick .. 

870 Farrand, Charles 

874 Farey, S 

873 Fergusson, William •• .. 

877 Fette, W. Eliot 

865 Fiddes, Walter 

870 Fish, Bobert 

864 Fleming, W 

873 Forbes, John 

868 Ford, William 

868 Forrest, Thomas 

870 Foulis, William 

864 Fraser, A. C 

877 Freeman, Hy. S 

864 Frith, J. B 

873 Fuller, Thomas Christopher . . 

873 Furniyall, George Steele 

876 Gandon, Charles 



5, Falfield Terrace, Shakespeare Boad, 

Acton, W. ■ 
Gas-Works, Croydon 
Gas-Works, Skipton 
Gas-Works, Neepsend, Sheffield 
11, Walnut Street, Boston, Mass., U.S.A. 
Gas-Works, Bristol 
Gas-Works, Bucharest 
Gas-Works, Lancaster 
Denby Dale, near Huddersfield 
Gas-Works, Stockton-on-Tees [Tyne 

Gas-Works, Walker, near Newcastle-upon- 
Gas Office, 42, Virginia Street, Glasgow 
Gas-Works, Barrow-in-Furness 
Gas-Works, Wandsworth, Surrey 
Gas-Works, Buncom 

2, St. Mary's Villas, The Elms, Bamsgate 
Gas-Works, Bradley Green, near Congleton 



Crystal Falace District Gas-Works, Lower 

Sydenham, S.E. 

875 Garlick, John Gas -Works, Kild wick. West Biding of 

Yorkshire 

864 Gamett, George Gas-Works, Bydo, Isle of Wight 

871 Geneyer, E Gas-Works, Dunedin, New Zealand 
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1871 Oibb, Andrew Gas- Works, Ormcau Road, Belfast 

1877 Gil, Claudio Gas- Works, Barcelona, Spain 

1864 GUes, Thomas Gas- Works, Cowos, Isle of Wight 

1872 Gill, Joshua Gas- Works, Bridgnorth, Salop 

1875 Gloag, Robert Ford .. .. Gas- Works, Stockton-on-Tees 

1872 Goddard, D. Ford Gas- Works, Ipswich 

♦1864 Goddard, E. {Trustee and Past 

President) . . . . >^ . . . Gas- Works, Ipswich 

1872 Goldsmith, George Gas-Works, Leicester 

1875 Gooch, George Gas-Works, Bournemouth, Hants 

♦1872 Good, Robert Gas-Works, Carshalton, Surrey 

1870 Goodwin, James Gas-Works, Rotherham 

1869 Gore, Henry 42, Pentonville Hill, N. 

1873 Graham, Dayid Allan Gas-Works, Middleton, Lancashire 

1872 Green, Benjamin Gas-Works, Mitcham, Surrey 

1869 Green, Henry Gas-Works, Preston, Lancashire 

1876 Green, John Gas-Works, Heckmondwike, Yorkshire 

1864 Green, L.H 

1877 Green, Bobt Gas-Works, Carrickfcrgus, Ireland 

1873 Grreenaway, James Gas-Works, Truro, Cornwall 

1871 Greenfield, James Hollaoombe, Paignton, Torquay, Devon 

♦ 1872 Grimwood, Charles William . . Gas-Works, Sudbury 

1873 Guyatt, Thomas 41, Wool Exchange, Coleman Street, 

London, E.G. * 

*1869 Hale, John Gas-Works, Ballymena, Ireland 

1878 Halkett, Ralph Gas-Works, Bicester, Ozon 

1875 Hall, Joseph Gas-Works, St. Helen's 

1864 Hall, J. T Presoot, Lancashire 

1873 Hamer, Thomas Gas-Works, Chorley, Lancashire 

*1874 Hamilton, J Gas-Works, Chertsey 

1873 Hammond, John Gaa- Works, Lewes, Sussex 

1864 Hammoud, W. R Gas-Works, Deal 

1877 Hammond, Wm Ghui- Works, Hampton, Middlesex 

1877 Hammond, Wm Gas-Works, Bognor, Sussex 

«1872 Hancock, Peter Gas-Works, Middlewich, Cheshire 

1866 HardickyThos Gas-Works, Salisbury 

1872 Hardie, William Gas Office, Newcastle- on-Tyne 

1869 Harding, George Broad Green, near Liverpool [don, W. 

1 873 Hardy, William 25, Acklam Road, Westboume Park, Lon- 

1873 Harkewitz, Herman . • . . Gas Office, South Bank, Yorkshire 

1877 Harper, Hy Gas- Works, Kensal Green, W. 

H 
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1867 Harris, Edmund H Gas- Works, Wallase7, Birkenhead 

1871 Harris, Frederick Mole . . . . Gas- Works, Falmouth 

1869 Harris, James Gas- Works, Ross, Herefordshire 

1876 Harris, John . . Gas-Woks, Plympton St. Mary, Devon 

1870 Harris, Robert (A/em, of Com^ Gas- Works, Bow Common, London, £. 
1873 Hart, George West Riding Asjlum, Wakefield 

1873 Hartley, Christopher L. . . Gas- Works, Middleton, near Manchester 

•1875 Hassall, Charles Frederick .. Gas- Works, Whitchurch, Salop 

1877 Hastings, Chas. W 8, Buckingham Street, Adelphi, W.C. 

1873 Hatch, Henry Gas- Works, Woolton [Sydenham, S.£. 

1873 Hathaway, Henry Crystal Palace District Gas- Works, Lower 

1866 Hawksley, Charles 30, Great George Street, Westminster, S.W. 

1874 Hawkins, J. G Gas- Works, Wigan 

*1872 Hegarty, John Gas- Works, Colombo, Ceylon 

1870 Helps, George Gas- Works, Bath 

1877 Henry, Thos Gas-Works, Ebbw Yale, Monmonihshiie 

*1868 Hepworth, Joseph {^M^mbw of 

Committee) . . Gas-Works, Carlisle 

*1868 Hersee, Alfred (Auditor) . . 29, Great St. Helen's, London, E.C. 

1872 Hersey, Thomas 21, Abingdon Street, Westminster, S.W. 

1877 Hersey, Thos. C. . . .' . . Gas Office, 5, Boyne Terrace, Notting 

Hill,W. 

1864 Hildreth, William Colliery Offices, Darlington 

1873 Hill, Henry Gas-Works, Huyton 

♦1872 Hisbp, George R Gas-Works, Paisley 

1875 Hislop, Lawrence Gas-Works, Bothwell, N.B. 

1876 Hobson, John Gas-Works, Chapel Town, near Sheffield 

1865 Hodgson, James Church Walk, Ulyerston 

1874 Hoi^J Gas-Works, Folkestone 

1869 Holmes, William Cartwright Iron- Works, Huddersfield 

1873 Holmes, Thomas Gas-Works, Pernambuoo, Braiil 

♦1873 Howell, E Gas-Works, YeovU 

1875 Howitz, George Gas-Works, Copenhagen 

1877 Hudson, Geo Gas-Works, Santisgo, Chili 

♦1870 Runt, Ohvrles {Vice- Presideni) Gas-Works, Windsor Street, Birmingham 

1875 Hunt, Henry Gas-Works, Swindon, Wilts 

1866 Hunter, David 2, Cambridge Villas, South Street, Green- 

wich, S.E. 

♦1866 Hunter, James Consumers' Gas Company, Woolwich, S.E. 

♦1874 Hunter, R ^ Gas-Works, Stalybridge 

♦1869 Hunter, Samuel Gas-Works, Salford 
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1871 Hutchinson, Charles Henry . . Gas- Works, Athens, Greece 

1864 Hutchinson, John Gas- Works, Barnsley 

1867 Hutchinson, Walter W Gas- Works, JBamsley 

1871 Iddon, Bobert Gas- Works, Southport 

♦1866 Irons, Geo. B Gas- Works, Gosport 

1878 Iryine, George Gas- Works, Bipon, Yorkshire 

1874 Jackson, R Gas- Works, Richmond, Yorkshire 

1876 Jacobs, Gharies Gas- Works, Blackwater 

1875 Jacques, James Gas- Works, Stockport 

1876 Jervis, John Joseph . . . . Gas- Works, New Swindon, Wilts 

1875 John, Hilary Thomas Annis.. Gas- Works, Messina, Sicily 
*1868 Johnson, John 148, Goswell Road, London, E.G. 

1876 Jolliffe, John Thomas . . . . Gas- Works, Hendon, Sunderland 

1872 Jones, Gharles W Gas- Works, Milan 

1874 Jones, C.E Gas- Works, Chesterfield 

1870 Jones, H. M. Layard . . . . Gas- Works, Oporto 

*1866 Jones, Hodgson 26, Great George Street, Westmin8ter,S.W^ 

*1866 Jones, Robt. H. {Mem, of Com,) Gas Offices, Boyer 

1874 Jones, W Gas-Works, Balton-in-Fumesa 

1872 Jones, Walter R Gas-Works, Monte Video 

1872 Jones; WiUiam J Gas-Works, Malta 

1870 Jowett, James Gas Works, Great Gnmsby 

1867 Eelsall, Isaac Buckley Ghambers, Ashton-under-Lyne 

1875 Eelsall, James . . . • . . Gas-Works, Bury, Lancashire 

1873 Kemplay, Jno..* • 

1877 Ker, Alexander P Corppration Gas-Works, Adderley Street, 

1876 Kershaw, Robert Gas-Works, Calcutta [Birmingham 

1876 Keys, Robert Feake .. •• 52, Glifton Street, Finsbury, London, E.C. 

1871 King, Robert . . 10, St. Mary Axe, London, E.G. 

1872 King, Robert Stratford Road, Wolyerton 

1874 King, W Gas Office, Liyerpool 

•1868 Kirkham, Thos. N 19, Abingdon Street, Westminster, S.W. 

1870 Kitt, Alfred Chartered Gas-Works, Lupus Street, 

Pimlico, S.W. 

1874 Lacey, J 146, Goswell Road, London, E.G. 

1872 Laing, Robert The Limes, Upper Glapton, London, E. 

1871 Lane, Denny 72, South Mall, Gork 

1877 Lane, Geo Gas-Works, Aylesbury, Bucks 

*1874 Lass, A. (Auditor) 30, Graoechurch Street, London, E.C. 

M 2 



166 

NaXI. APX>ftB88. 

1878 Latchford, Wm. J Gas-Works, Broadstairs, Kent 

1868 LaycockfJohn Gas- Works, Eeigbley 

1876 LajtoD, Thomas Gas- Works, Redditch, Worcester 

1877 Leach, Wm. T Gas and Water-Works, Ventnor, Isle of 

Wight 

1878 Leather, John Petty . . . . Gas- Works, Burnley, Lancashire 

1864 Leather, S. P Gas- Works, Burnley, Lancashire 

1866 Leslie, Frederick Gas- Works, Moscow 

♦1876 Legg, H Gas- Works, Oasett, Yorkshire 

1876 Lewis, Benjamin Gas- Works, Caermarthen, South Wales 

1878 Linging, Frederick E Qas-Works, Norwich [shire 

1875 Linging, Samuel Robert . . Gas- Works, Etruria, Potteries, Stafford- 

1869 Little, Robert Gas- Works, Burgh, Lincolnshire 

1870 Littlehales, Thomas . . Gas- Works, Hamilton, Ontario, Upper 

Canada 

1877 Littlewood, Wm 1, Lansdowne Villas, Old Traflford, 

1868 Livesay, Augustus F Chale, Isle of Wight [Manchester 

1866 Liyesay, John G Gas- Works, Ventnor, Isle of Wight 

« 1873 Liyesey, Frank (Mem, of Corn,) South Metropolitan Gas- Works, Old £ent 

Road, London, S.E. 
•1864 Livesey, Geo. T. (Past Fret, r South Metropolitan Gas- Works, Old Kent 
and Mem, of Finance Com,) \ Road, London, S.E. 

1866 Loam, M. H Gas- Works, Nottingham 

♦1864 Longworth, Wm Gas- Works, Guildford, Surrey 

♦1872 Lord, Edmund Gas- Works, Whitworth, Rochdale 

1866 Lowe, James Gas- Works, Bridport 

1874 Loxley, T Gas- Works, Church 

1875 Lukey, Robert John . . . . Gas- Works, Falmouth 

1875 Lupton, James Gas- Office, Boar Lane, Leeds 

1869 Lyne, John Gas- Works, Wexford, Ireland 

1866 Lyon, Henry . « . . . . . . Barton House, Beansgate, Manchester 

1874 Lyon, J. H Gas- Works, Macclesfield 

1876 M*Crae, John Gas- Works, Bury St. Edmund's 

1876 M'Gilchrist, James Gas- Works, Dumbarton 

1875 Mackenzie, William .. .. Gas- Works, Dunfermline 

1874 Mann, W Pembroke Villa, Wellesley Road, Gun- 

nersbury, Middlesex 
♦ 1 869 M *Millan, John Gas- Works, Stoke-on-Trent 

1877 McMinn. F. A Gas- Works, Fulham 

♦1869 Macnic, John . . Gas- Works, Londonderry, Ireland 
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1873 Macpheraon, Adam. . 

1873 McCrae, B. M 

1875 Malam, Abraham • • . • 

1866 Malam, Geo. Dunbar . . 

1871 Manning, Henry . . . . 

1872 Markham, Thomas T. . . 

1875 Marr, Robert 

1878 Marahall, F. D 

1869 Marslandj John .. .. 

1876 Martin, Henry Hobert H. 

1864 Martin, John 

1869 Martin, Michael .. .. 

1871 Martin, Thomas Henry . . 
1875 Martyn, John 

1868 May, Thomas 

1875 May, Jan., Thomas 

1873 Mead, A 

1869 Mead, Charles Roper . . 

1874 Mead,F 

1877 Meams. Jas 

1872 Medhurst, Jan., William 

1871 Meiklejohn, James.. 

1869 Melling, Thomas .. .. 

1874 Merriman, J. D 

1870 Methyen, John . . . . 
1870 Middleton, John . . . . 

1873 Mildr«d,M 

1867 Miles, John 

1867 Miles, William .. .. 

1875 Mills, William Pitt .. 

1874 Mitchell, H.J 

1874 Monk, L 

1875 Monson, Philip .. .. 
1877 Monnler, Bimitri .. 

1865 Moon, Wm. Jas 

1869 Moor, William .. .. 

1872 Moor, WiUiam .. .. 

1877 Moore, Thos 

1875 Moorhouse, Robert Kayo 

1874 Morland, R 

1868 Morris, Joseph 



AODRKSS. 

Gas- Works, Kirkcaldy 

Gas- Works, Dundee 

Gas- Works, Dumfries 

Gas- Works, Bingley 

Gas-Works, Hythe, Kent 

102, Fetter Lane, London, £.0. 

Gas-Works, Sandown, Isle of Wight 

Gas-Works, Brentford, Middlesex 

Gas-Works, Newry, Ireland 

Gas-Works, Llanelly, South Wales 

Gas-Works, Ormskirk 

Gas-Works, Drogheda, Ireland 

Gas-Works, New Bamet 

Gas-Works, Wadebridge, Cornwall 

Gas-Works, Canterbury 

Gas-Works, Calcutta 

Gas-Works, Chelmsford, Essex 

Devon Lodge, Grove Road, Sutton, Surrey 

Gas-Works, Sutton, Surrey 

Gas-Works, Banbridge, Ireland 

Gas-Works, Folkestone 

Gas-Works, Houghton-le- Spring 

Gas-Works, Rainhill, Lancashire 

Gas-Works, Pictou, Nova Scotia 

Gas-Works, Nine Elms, London, S.W. 

Gas-Works, Wandsworth, Surrey, S.W. 

64, Bankside, Southwark, S.E. 

17, Market Street, Bolton, Lancashire 

Gas-Works, Clitheroe 

Gas-Works, Dartford, Kent 

Gas-Works, Homsey, Middlesex 

Gas-Works, Lanark, N.B. 

Vestry Hall, High Street, Kensington, W. 

57, Rue Pigalle, Paris 

16, York Place, Scarborough 

Hetton Colliery, near Fence Houses 

Gas-Works, Macclesfield 
Gas-Works, Barbadoes 
Gas-Works, Gloucester 
Gas-Works, Jersey 
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1876 Morton, John ass- Works, Ashford, Kent [S.W. 

*1864 Morton, Robert {Pttit Fret,),, liondon Gas- Works, Nine Elms, London, 

*1872 Mossman, Thomas Gas-Works, West Hartlepool 

1864 Mudie, John Gas- Works, Burton-on-Trent 

1872 Muriel, George Gas- Works, Bahia 

*1864 Murphy, A. M G^as- Works, Cirencester . 

1877 Murray, M Gas- Works, Bungay, Suffolk 

*1875 Murray, Stephen Qas- Works, Uttoxeter, Staffordshire 

1864 Newall, Henry {Trtutee and 

Treasurer) , 10, Marsden Street, Manchester 

1864 Newbigging, Thomas .. .. 5, Norfolk Street, Manchester 

1878 Newton, Alexander . . . . Oas- Works, Hong £ong 

1874 NichoUs, J. S Gas- Works, South Bank, Yorkshire 

♦1867 Niven, John Gas- Works, Clayton, near Bradford 

1870 North, William Gas- Works, Stourbridge 

1872 Ogden, Samuel Robinson . . Gas- Works, Blackburn 

♦1874 Ogg, D. W 3, Jeffery's Square, St. Mary Axe, E.C. 

*1866 Ohren, John Gas- Works, Rio de Janeiro, Brazil 

*1864 Ohren, Magnus {Past Acting ^ Crystal Palace District Gas Company, 

President) i^ Lower Sydenham, S.E. 

1877 Oldfield, Fredk. Wm Gas-Works, Hull 

♦1870 Osbom, George Holmes. . .. Gas-Works, Bromley, Kent 

1866 Osmond, William Gas-Works, Dorchester 

♦1874 Packham, H. F Gas-Works, Kingston-on-Thames 

♦1870 Padfield, William Albert . . Gas-Office, Exe Island, Exeter 

1878 Palethorpe, Wm. Walter .. Gas-Works, Great Northern Railway, 

Doncaster, Yorkshire 

1874 Palmer, J. E Gas-Works, Great Malvern 

1865 Parkinson, G. J 307, Moseley Road, Birmingham 

1878 Parker, George Gas-Works, Oakengates, Salop 

1873 Parks, Thomas Gas-Works, Moscow 

♦1868 Parlby, WiUiam Gas-Office, Sheffield 

♦1876 Parsons, James Henry .. .. Gas-Works, Oswestry 

1878 Parsons, Samuel .. .. ». Gas-Works, Bury, Lancashire 

♦1872 Parsons^ Matthew J Gas- Works, Carnarvon 

♦1872 Parsons, William Gas-Works, Atherstone 

♦1864 Vdiierzon^ J 2LB, {Past Presidmt) Gas-Works, Warrington 

♦1870 Paterson, Robert Ormiston 

{Member of Committee) . , Gas-Works, Cheltenham 
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1874 Paterson, T. Gas-Works, Rochdale 

1873 Pazzani; J Qas- Works, Belvedere^ Vienna) Austria 

1875 Peaty, Henry Gas-Works, Longport, Staffordshire 

1876 Peeks, Henry Gas-Works, Thome, Yorkshire 

♦1876 Penney, John Harper . . . . Gas-Works, South Shields 

♦1869 Penny, Alfred 20, Abingdon Street, Westminster, S.W. 

1874 Pepys, W, H Gas-Works, Ehrenfeld, Cologne 

♦1867 Phelps, Joseph Gas-Works, Marlborough, Wilts 

1869 Phillips, Arthur Frederick . . Gas-Works, St. Albans 

1873 Phillips, E. E Gas- Works, High Wycombe, Bucks 

1874 Phillips, W. R Gas-Works, Luton, Bedfordshire 

1872 Philps, Walter High Street, Dorking, Surrey 

1871 Pierson, Henry Samuel. . .. Matilda Cottage, Chatham Head, Wands- 
worth Common, S.W. 

♦1874 Pike, E. S Gas-Works, Ystrad, Rhondda Valley, 

Glamorganshire 

1869 Plumbe, William A Gas-Works, Sutton-in-Ashfield, Notts 

1875 Porteous, William Gas-Works, Mill Hill, Hendon, Middlesex 

1869 Prescott, William Gas-Works, Prescot, Lancashire 

1868 Price, Edward Gas-Work8,HamptonWick, London, S.W. 

♦ 1871 Price, Robert Gas-Works, Llandudno, North Wales 

1873 Pritchard, F Gas-Works, Southport, Lancashire 

♦1875 Proud, Thomas 103, Icknield Street East, Birmingham 

1869 Rafarel, William Claude .. Gas-Works, Barnstaple, Devon 
♦1871 Randall, James • Gas Office, Tottenham, N. 

1868 Read, Charles Gas-Works, Red Hill 

1866 Read, John Gas Office, Tunbridge Wells 

1877 Redman, Jas Gas- Works, Ha worth 

1868 Reed, Joseph Gas-Works, Newport, Isle of Wight 

♦ 1874 Reeves, J. S Gas Office, Bilston 

1869 Reid, John Gas Engineer, Midland Railway, Derby 

1873 Reid, John Edinburgh and Leith Gas Co.'s Office, 

8, George Street, Edinburgh 

1873 Richards, William 1 1, St. Michael's Road, Stockwcll, London, 

♦ 1 874 Richmond, J Gas-Works, Worthing, Sussex [S.W. 

1876 Ridley, George Gas-Works, Elswick, near Newcastle-on 

Tyne 

♦1875 Riley, Francis Gas- Works, Bishop Stortford, Herts 

1873 Riley, James Gas-Works, Brigbouse 

J877 Roberts, Wm. Hy. .. .. O as- Worke, Newton Abbott, Devonshire 
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1876 BoberU, William Thomas •• Gas-OiBoe, Altrincham, Cheahire 

*1865 BobinsoD, Ghas. R Gas- Works, Goyentry 

1866 Bobinson, G. S Gas- Works, Leicester 

1866 BobinsoD, Geo. A Gas- Works, Leicester 

♦1864 Bobinson, W. L Gas- Works, Corentry 

1876 Rogers, George Gas- Works, Hexham 

1869 Bomans, W Gas Office, Gommercial Street, Sheffield 

*1874 Roes, B .« Gas- Works, Hiogo, Japan 

♦1876 Bussell, Frederick Gas- Works, Ilfracombe, North Devon 

♦1867 Bussell, John Gas- Works, ITxbridge 

1874 Russell, W. J Gas- Works, Croydon, Surrey 

♦1876 Sainsbury, Henry Gas- Works, Trowbridge, Wilts 

1874 Sapey, E Gas-Works, Tamworth 

1 874 SaviUe, G. E Gas-Works, Sowerby Bridge 

1870 Scott, George Gas-Works, Tunbridge Wells 

1874 Sellers, C Gas Office, York 

♦1875 Shaull, Edward Gas-Works, Penrith, Cumberland 

♦1872 Sheppard, Bobert Gas-Works, Horsham, Sussex 

1878 Sheppard, T.L Gas Office, Middle Street, Famwortb, 

near Bolton, Lancashire 

1864 Shimeld, William Gas-Works, Dundalk, Ireland 

1878 Shonbridge, Sydney Yarrell .. Gas-Works, Saltley, Birmingham 

1874 Shone, C. G Brentford Gas-Works, Southall 

1877 Sidle, Bobt. John Gas Office, Hythe, Kent 

1864 Simpson,? Gas- Works, Bugby 

1876 Singleton, Henry Gas-Works, Dronfield, near Sheffield 

1866 Smedley, Geo Gas-Works, Buzton, Derbyshire 

1876 Smith, John Gas-Works, Sunbury-on-Thames 

♦ 1869 Smith, Joseph Bichard . . . . Gas-Works, Padiham 

1876 Smith, Robert Gas-Works, Darlington 

1870 Smith, Thomas 17, King Street, Wigan 

1864 Smith, Jun., William . . . . Gas-Works, Hyde 

1876 Smith, William Gas-Works, Darlington, Durham 

1876 Smith, William Gas-Works, Helensburgh 

1866 SomeiTille, John 1 7) St. Andrew Street, Dublin 

1876 Sowood, Silas Gas-Works, Canal Basin, Gravesend 

♦1875 Sparke, John Budge .. .. 21, Victoria Chambers, South Parade, 

Leeds 

♦W68 Spice, Bobert P. [Patt Pres.) 21, Parliament Street, London, S.W. 

♦1876 Stansfield, William .. .. Gas-Works, Drighlington 
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1873 Steinacher, J. E Gas- Works, St. John's, Porto Eico 

1871 Stelfoz, Jan., James .. .. Gas- Works, Belfast 

1867 Stephenson, H. P 10, St. Mary Axe, London, E.C. 

1876 Stephen, William Henry . . Gas- Works, Sydney, New South Wales 

1867 Stevens, Frederick James . . 19, Southwark Bridge Road, London, S.E. 
1873 Stevenson, G. Ernest . . . . Gas- Works, Peterborough 

♦1867 Stevenson, Geo. Wilson {Viee- 

Prea, ^Mem, of Finance Com,) 4, Westminster Chambers, Victoria Street, 

Westminster, S.W. 

1873 Stevenson, John Stuart . . 73, Sir John Bogerson's Quay, Dublin 

1877 Stevenson, Sidney Evance . . The Basin Gas- Works, Exeter 

1871 Still, Alfred H Gas- Works, Cork 

1877 Stiven, David Gas- Works, St. Thomas, Dutch West 

Indies 

♦1867 Stone, Thomas Gas- Works, Weymouth 

♦1866 Storer, John {Member of Com- 
mittee) Gas- Works, Stafford 

1872 Stormonth, Thomas .. .. Gas-Works, St. Anne*s-on-the-Sea, Lanes. 

1866 Stout, William Gas-Works, Boston 

1870 Studholm, Shadrach . . . . Gas-Works, Whitehaven 

1876 Surl, James Gas-Works, Tralee, Ireland 

1872 Swallow, David Gas-Works, Bradford 

1868 Syms, William Gas-Works, Rochester 

1877 Tait, Wm Gas-Works, Portadpwn, Armagh, Ireland 

1872 Tallentire, Thomas. . . . . . Gas-Works, Lurgan, Ireland 

1873 Tayler, James Gas-Works, Fareham, Hants 

1867 Taylor, Charies Gas-Works, Derby 

1874 Terdrey, C Gas-Works, Tavistock 

1873 Thomas, Alfred Gas-Works, Basingstoke, Hants 

♦1874 Thomas, J Gas-Works, Bodmin 

♦1873 Thomas, R. P Gas-Works, Ware, Herts. 

1864 Throsby, W. P Gas-Works, Lincoln 

1875 Timmins, Joseph Gas-Works, Leigh, Lancashire 

1869 Tindall, John Gas-Works, Walsall 

1869 Tinney, William Upton. . . . Gas-Works, Winchester 

♦1876 Tobey, Henry Gas-Works, New Malton, Yorkshire 

1876 Townsend, Harry Gas-Works, Waltham, Essex 

♦1872 Travers, Thomas Gas-Works, Cork, Ireland 

1870 Trewby, George Careless •• Gas-Works, Bcckton, North Woolwich, E. 
♦1867 Trewhitt, Thos Gas-Works, West Hartlepool 
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1869 Upward, Alfred 8, Qaeen Anne's Gate, WeBtminster, S.W^. 

♦1872 Valon» William A .. Gaa-Works, Ramagate - 

1870 Yanheson, George B Gas-Works, Rochester 

• 1869 Yarley, Thomas Gas- Works, Golne, Lancashire 

1865 Veeyers, Harrison Gas- Works, Bolton 

*]869 Yenner, Bartholomew Gay .. Gas- Works, Eton, Bucks 

•1864 Wadeson, James Gas- Works, Windsor 

1874 Walduck, 0. E 148, Gresham House, Old Broad St., E.G. 

1878 Walker, John Gas- Works, County Asylum, Colony 

Hatch 

1877 Walker. Thos Gas -Works, Wrexham 

♦1875 Walker, William Arthur . . Gas-Works, EUand, Yorkshire 

1874 Walton, Thomas Gas- Works, Shrewsbury 

1866 Warner, W. J. {Pustdrnt) . . Gas- Works, South Shields 

1871 Warsop, Henry Gas-Works, East Croft, Nottingham 

♦1873 Waters. G. R The Grove, Portland 

♦1866 Wates, PercyJ Phoanix Gas-Works, Greenwich, S.E. 

1876 Watson, John Kippen .. .. Edinburgh Gaslight Company's Office, 

25, Waterloo Place, Edinburgh 

1 872 Watson, James Gas-Works, Heme Bay 

1876 Watson, Samuel Gas-Works, Tanstall, Staffordshire 

♦1875 Watson, William Gas-Works, Effingham Street, Sheffield 

1877 Webb, Thos Gas-Works, Egham 

1872 Wells, Henry F Gas-Works, Tredegar, Monmouthshire 

♦1869 West, John Gas-Works, Maidstone 

1875 Whitaker, John William . . Gas-Works, Wakefield, Yorkshire 

1871 Whitaker, William Butler .. Gas-Works, Buenos Ayres 
1877 White, Chas Gas-Works, Blaenavon 

1868 White, T. W. R Gas-Works, Sherborne 

•1872 White, William Equitable Gas-Works, Woolwich, S.E. 

1872 White, William Gas- Works, Abersychan, near Pontypool, 

Monmouthshire 

1875 Whitehead, John Gas-Works, Dronfield, near Sheffield 

1871 Whitehead, Wm. Swallow .. 11, Drewton Street, Bradford 

1874 Whyte, J Gas-Works, Seaham Harbour 

1877 Whyte, Peter Gas-Works, Bute Docks, Cardiff 

1869 Wilkinson, Peter Haines . . Gas Office, James Street, Harrogate 

1873 Wilkinson, Thomas . . . . Gas-Works, Newmarket, Suffolk 

1868 Williams, Alfred 64, Bankside, London, S.E. 

1864 Willis, W. H Gas-Works, Great Yarmouth 
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Name. Addrksb. 

1878 Wilfthav, W. G. . . . . .. 8, Clemence Street, Burdett Boad, Lime- 
house, London, E. 

1874 Wilson, A. F 34, St. George's Road, Southwark, London, 

1878 Wilson, Robert Gas- Works, Croydon, Surrey [S.E. 

1870 Wil8(m, William Punris .. 220, Malpas Road, NewCroB8,London,S.E. 

1871 Wilton, John Gas- Works, SUvertown, North Wool- 

wich, E. 

♦1876 Wimburst, Harry Gas- Works, Andover 

♦1875 Winstanley, George .. ., Gas- Works, Coventry, Warwickshire 

1875 Winstanley, William .. .. Gas- Works, Newcastle-under-Ly me, Staf- 

fordshire 

* 1865 Wood, Alfred R.{Mem,ofCom,) Gas- Works, Hastmgs 

1866 Wood, William . . .... Gas-Works, Birkenhead 

1878 Wood, William Gas-Works, Colnbrook 

♦1865 Woodall, Corbet (Pa«/ P/-W.) . . Phoenix Gas-Works, Vauxhall, London, 

1865 Woodall, Henry Gas Office, Leeds [S.W. 

1876 Woodruff, William Wells . . Gas-Works, Sandwich 

1872 Woodward, John Gas-Works, Spalding, Lincolnshire 

1870 Wright, Charles Gas-Works, Saffix>n Walden, Essex 

1875 Wright, George Gas-Works, Redcar, Yorkshire 

*1864 Wright, William Alexandra Road, Shipley, near Leeds 

•1868 Wright, William Gas-Works, Black Rock, Brighton 

1878 Yates, Ernest Gas-Works, Shaftesbury, Dorsetshire 

{ITumher of Ordinary Members ^ 594.) 



Extra-Ordinary Members. 

Name. Addrkss. 

*1868 Aird, John Belvedere Road, Lambeth, London, S.E. 

♦ 1872 Aird, Joseph Wellington Tube- Works, Great Bridge, 

Tipton 

1872 Andrews, William Ward . . Gas-Meter Company's Works, 238, Kings- 

land Road, London, E. 

1873 Ashmore, William Hope Iron -Works, Stockton-on-Tees 

1874 Bowlay, H Gasholder Works, Spring Hill, Birming- 

ham 

1878 Booth, Jas Hazelhurst, Turton, Lancashire 

1872 Braddock, Joseph •• ., .. Globe Meter- Works, Wellington Street, 

Oldham 
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Name. Addresb. 

1877 Calvert, John Colliery Proprietor, Pontypridd, Gla- 

morganshire 

1878 Chandler, Josiah 104, Newington Causeway, London, S.3S. 

1878 Chandler, Samuel 104, Newington Causeway, London, S.£. 

1875 Cockey, Francis Christopher.. Iron- Works, Frome Selwood, Somerset 
1874 Colyer, F Phcenix Engineering Works, Holland 

Street, Southwark, S.E. 

1877 Corbett, Wm Retort Manufacturer, Stourbridge 

1873 Cowan, William Bucoleuch Street Works, Edinburgh 

1868 Cowen, John A Blaydon-on-Tyne 

*1869 Cutler, Samuel Provideilce Iron- Works, Millwall,Lond.y£!. 

1878 Bayies, Ferrand 148, Gresham House, Old Broad Street, 

London, E.C. 

1878 Davis, Geo. E 87i Barton Arcade, Manchester 

1877 Dempster, John Gas Engineer, Rose Mount, Elland 

1877 Dempster, Jun., Robert . . Gas Engineer, Rose Mount, Elland 

1870 Donaldson, A Buccleuch Street Works, Edinburgh 

1876 Gibbons, Jun., Benjamin . . Dibdale Retort- Works, Stourbridge 

1877 Hallsworth, Samuel .. Copperas Manufacturer, Armley, Leeds 

1874 Harvey, W .. Laim Works, Plymouth 

1874 Holman, S 10, Laurence Pountney Lane, E.C. 

«1870 Horsley, Charles 21, Wharf Road, City Road, London, N. 

1875 Kelly, Richard Roper .. .. 59, Mark Lane, London, E.C. 

1871 Laidlaw, David Gas Engineer, Glasgow 

1874 Lloyd, G. H. . ^ Gasholder Works, Spring Hill, Birming- 
ham 
1877 Lockwood, Thomas .. .. Colliery Proprietor, Stalybridge 

•1875 Mackay, Alexander .. .. Grange Works, Edinburgh 

1872 M*Dougall, James Thomas .. 10, Mark Lane, London, E.C. 
1872 M'Dougall, Jun., Alexander. . 68, Port Street, Manchester 
1872 Manwaring, Joseph .. .. 101, Cannon Street, London, E.C. 

1874 Murphy, D Garratt Street Works, ©Idham Road, 

Manchester 

187-5 Newton, Robert Union Street, Oldham 

1871 O'Neill, John W 161, Palmcrston Buildings, London, E.C. 

1876 Orme, Daniel Gas-Meter Works, Park Street, Oldham 
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Namk. AonKiss. 

*1872 Peebles, D. Bruce Tay Wurks, Bonnington, Edinburgh 

1866 Potter, Addison Willington Quay, near Newcastle-upon- 
Tyne 

1876 Potter, Charles John .. •• Retort Manufacturer, Newcastle-on-Tyne 

1878 Richardson, William . . . . Hebbum Colliery, 29, Quay Side, New- 

castle-on-Tyne 

1874 Sadler, S. A Middlesborough 

1875 Steuart, Dayid Vincent. . . . Albert Chemical Works, Bradford, near 

Manchester 
1878 Stephenson, Andrew .. •• The Gas Purification and Chemical Com- 
pany, 161, Palmerston Buildings, 
London, £.C. 

1875 Thomas, Henry Falcon Street, Oldham 

1870 Thomeloe, George 57, Barbican, London, E.C. 

*1873 Thorns, Abraham Famley, near Leeds 

1874 Yarley, W. H Parliament Street, Colne 

*1868 Walker, William Thomas . . Donnington, near Newport, Salop, and 8, 

Finsbury Circus, London, E.C. 

1878 Wallace, R. W Manufactuiing Chemist, 60, Mark Lane, 

London « 

*1870 Waller, George Phoenix EogineeringWorks, Holland Sti*eet, 

South wark, London, S.E. 
1872 Willey, Henry Frederick . . 4, Longbrook Street, Exeter 
1878 Woodward, John Engineer, Manchester 

1877 Wright, John Ebsex Works, Broad Street, Birmingham 

1 877 Wrigley, E. O Colliery Proprietor, 1 20a, Stamford Street, 

Ashton-under-Lyno 

1876 Wyld, John Messrs. Spence Brothers' Chemical Com- 

pany, Limited, Bradford, Manchester 

1878 Toung, John Richard " . . 3, Abbotsford Terrace, Moor Edge, 

Newcaatle-on-Tyne 

{yuuther of Extra-Ordintiry Uemhera, 58.) 
Total number of Members, 666. 
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LIST OF MEMBEES, 



Arranged in the Alphabetical Order of the Towns they reside in 



A * prefixed to the name denotes an Honorary Member. 

At „ „ Extra-Ordinary Member. 

Abbbqayennt, Mon Samuel Cross, Gas- Works. 

Abebstchan, Mon , , , , William White, Gas- Works. 

Abe&tstwith, Cardiganshire . . . . James Dougall, Gas-Works. 

AsmoDON, Berks • • • . . . . . S. Ely, Gas- Works. 

Aldebshot Thomas Douglas, Cross House. 

Alfbeton, Derbyshire S. Alsop, Gas- Works, Pool Close, Pinxton. 

Alton, Hants Frederick Barnley, Gas- Works. 

Altbincham, Cheshire William Thomas Roberts, Gas Offices. 

Andovbb, Hampshire Harry Wimhurst, Gas- Works. 

Abhley, near Leeds, Yorkshire . . fSamuel Hallsworth. 

Abundbl, Sussex W. C. Dawson, Gas- Works. 

AsupOBD, Kent John Morton, Gas- Works. 

,) „ «• George Berry. 

Ashton-undeb-Lyne, Lancashire. . Isaac Kelsall, Buckley Chambers. 

1, ), ,, . . Dayid Clarke, Gas- Works. 

„ „ >, . . fE. G. Wrigley, 120a, Stamford Street. 

Athens, Greece Charles Henry Hutchinson, Gas- Works, 

Athebstone, Warwickshire . . . . William Parsons, Gas-Works. 

Atlesbubt, Bucks George Lane, Gas-Works. 

Baouf, Lancashire William Blackledge, Gas-Works. 

Bahia, Brazil George Muriel, Gas-Works. 

Baldock, Herts James Gilbert Dear, Gas-Works. 

Ballymena, Co. Antrim, Ireland • . John Hale, Gas-Works. 

Banbbidoe, County Down . . . , James Mearns, Gas-Works. 

Banbuby, Oxon W. R. Cooper^ Gas-Works. 

BARBAD0E8, West ludlcs Bobt. Kaye Moorhouse, Gas-Works. 

Barcelona, Spain Claudio Gil, Gas-Works. 

Babnsley, Yorkshire « John Hutchinson, Gas-Works. 
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Babnsley, Yorkshire Walter W. Hutchinson, Ou- Works. 

Babnstaplb, Devon William Claude Rafarel, Gas- Works. 

Babbow-in-Furnb8S A. C. Fraser, Gas- Works. 

Basingstoke, Hants .. .. .. Alfred Thomas, Gas- Works. 

Bath George Helps, Gas- Works. 

„ ,, ,, Thomas Anderson, Gas- Works. 

Batlby, Yorkshire C. Eastwood, Gas- Works. 

Bbckton, North Woolwich . . . . George Careless Trewby, Gas- Works. 

„ „ .... Frederick Bealc, Gas- Works. 

Belfast, Go. Antrim, Ireland .. James Stelfox, jun. 

„ „ „ Andrew Gibb, Gas- Works, Ormeau Road. 

Beverley, Yorkshire Eli Bryan, Gas- Works. 

Bicester, Oxon Ralph Halkett, Gas- Works. 

BiLSTON, Staffordshire J. S. Reeves, Gas Office. 

Btngley, Yorkshire Geo. Dunbar Malam, Gas- Works. 

Birkenhead William Wood, Gas- Works. 

Birmingham « Charles Hunt ( Vice-PrMident)^ Gas- Works, 

Windsor Street. 

„ G. J. Parkinson, 307, Moseley Road. 

„ fH. Bewlay, Gasholder Works, Spring Hill. 

„ t^* H. Lloyd do. do. 

„ Thomas Proud, 103, Icknield Street East. 

„ Alfred Colson, Gkis- Works, Windsor Street. 

„ * William Richardson, 62, Pershore Road, 

Edgbaston. 

„ ..* Alexander Poutey Kerr, Gas- Works, Ad- 

derley Street. 

„ t John Wright, Essex Works, Broad Street. 

„ Sidney Yarrell Shonbridge Gas- Works, 

Fazeley Street. 

„ Geo. J. Davis, Gas- Works, Fazeley Street. 

Bishop's Stortford, Herts • • . . Francis Riley, Gas- Works. 

Blackburn, Lancashire S. R. Ogden, Gas- Works. 

„ „ Francis William Brothers, 6, Mill Lane. 

Blackwater, Surrey Charles Jacobs, Gas.Works. 

Blaenavon, Hon Charles White, Gas- Works. 

Blaydon-on-Tyne t John A. Cowen. 

Blyth, Northumberland James Eadington, Gas- Works. 

Bodmin, Cornwall J. Thomas, Gas- Works. 

BoGNOR, Sussex William Hammond, Gas- Works. 

Bolton, Lancashire Harrison Yeevers, Gas- Works. 

„ >, John Miles, 17, Market Street. 
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- BoBTOM, Lincolnshire William Stout, Qas- Works. 

Boston, Mass., United States . . . . William Eliot Fette, 11, Walnut Street. 

BoTHWELL, N.B Lawrence Hislop, Gas- Works. 

BouBNEMouTH, Hauts George Gooch, Gas and Water Co.'s Office. 

„ „ ...... John Wilson, Gas and Water Office. 

„ „ Robt. Damey, Jun., Gas and Water Works. 

Bradford, near Manchester . . . . f John Wyld, Spence Brothers' Chemical 

Company, Limited. 

Bradford, Yorkshire - • David Swallow, Gas- Works. 

„ „ William Swallow Whitehead, II, Drewton 

Street. 

' Bradley Green, near Congleton . . G. S. Fumiyall, Gas- Works. 

Brentford, Middlesex F. J. Eyans, Clay Ponds. 

„ „ F. D. Marshall, Gas- Works. 

Bridonorth, Salop Joshua Gill, Gas- Works. 

Bridgwater, Somerset James Hughes Cornish, Gas- Works. 

Bridport, Dorsetshire James Lowe, Gas- Works. 

Brighotjse, York , , J. Riley, Gas- Works. 

Brighton, Sussex William Wright, Gas- Works, Black Hock. 

Bristol Walter Fiddes, Gas- Works. 

Broad Green, near Liverpool . . George Harding. 

Broadstairs, Kent Wm. J. Latchford, Gas-Works. 

Bromlet, Kent George Holmes Osborne, Gas- Works. 

Bucharest, Turkey Robert Fish, Gas- Works. 

Buenos Atres William Butler Whitaker, Gas-Works. 

BuNGAT, Suffolk Matthew Murray, Gas-Works. 

Burgh, Lincolnshire Robert Little, Gas-Works. 

BuRNLET, Lancashire S. P. Leather, Gas-Works. 

„ „ John Petty Leather, Gas-Works. 

Burton-on-Trent, Staffordshire . . John Mudie, Gas-Works. 

Burt, Lancashire James Kelsall, Gas-Works. 

„ „ Saml. Parsons, Gas-Works. 

Bury St. Edicund's, Suffolk . . . . John McCrae, Gas-Works. 

Buxton, Derbyshire Geo. Smedley, Gas-Works. 

Caermarthen, South Wales . . . . Benjamin Lewis, Gas-Works. 

Calcutta ♦James Blackburn, Gas-Works. 

„ Thomas May, Gas-Works. 

„ Robert Kershaw, Gas-Works, 

Camborne, Cornwall William Bailey, Gas-Works. 

Canterbury, Kent Thomas May, Gas-Works. 

Cardiff, Glamorganshire . . . . Henry Bowen, Gas-Works. 
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CABDiFPy GlamoiganBhire . . • • Peter Whyte, Bute Gas- Works. 

Oablislb, Cumberland Joseph Hepworth(lfMi.o/Cbm.),Qa8- Works. 

Casnabton Matthew J. Parsons, Qas- Works. 

Gabrickfesous, County Antrim • . Robert Oreen, Gas- Works. 

Cabshalton, Surrey Robert Good, Gas- Works. 

u „ Joseph Mellen Biokford, Qas- Works. 

Chale, lale of Wight Augustus F. Livesay. 

Chapel Town, near Sheffield . . . • John Hobson, Gas -Works. 

Chelxsfobi), Essex A. Mead, (Jas- Works. 

Cheltenham, Glouoestershire . . Robert Ormiston Paterson {Mm. of Cbm.), 

Gas-Works. 

99 99 . . • • J. A. Coombs, Gas-Works. 

Chepstow, Monmouthshire •• •• William Dore, Gas-Works. 

Chertset, Surrey J. Hamilton, Gas-Works. 

Chestebfteld, Derbyshire •• .. C. E. Jones, Gas-Works. 

Chichesteb, Sussex Robert Church, Gas-Works. 

Choblet, Lancashire . . • • . . Thomas Hamer, Gas-Works. 
Chbistchubch, Canterbury, New 

Zealand •• Thos. Stanley Cleminshaw, Gas-Works. 

Chubch, Lancashire T. Loxley, Gas-Works. 

CiBENCESTEB, Gloucestershire. . •• A. M. Murphy, Gas-Works. 

Clayton, near Bradford John Niven, Gas-Works. 

Cleethobpbs, Lincolnshire • • • • A. Downie, Gas-Works. 

Clevedon, Somerset Samuel Dawes, Gas- Woiks. 

Clitheboe, Lancashire William Miles, Gas-Works. 

Colchesteb, Essex J. T. Browning, Gas-Works. 

CoLNE, Lancashire Thomas Yarley, Gas-Works. 

„ „ fW. H. Yarley, Parliament Street. 

CoLNET Hatch John Walker, Gas-Works, County Asylum. 

CoLNEBOOK • Wm. Wood, Gas-Works. 

Cologne W. H. Pepys, Gas-Works, Ehrenfeld. 

Colombo, Ceylon • • . . • • • . John Hegarty, Gas-Works. 

CoPENHAQEN, Denmark • . •• .. George Howitz, Gas-Works. 

CoBi^Lneland Denny Lane, 72, South Mall. 

99 99 A. H. Still, Gas-Works. 

M ,» Thomas Trayers, Gas« Works. 

CoYSNTBT, Warwickshire • . . . Chas. R. Robinson, Gas-Works. 

91 99 . . . . W. L. Robinson, Gas-Works. 

99 „ •• .. George Winstanley, Gas-Works. 

CowBB, Isle of Wight Thomas Giles, Gas-Works. 

Cbatfobd, Kent William W. Box, Gas-Works. 

Cbbwx, Cheshire Wm. Dayison, Gas-Works. 

N 
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Cmotdoh, aamj W. J. RubmU, Gti-Woilw. 

„ ,, Bobeit WOfon, Qas-WmIh. 

„ ,y Oharlei Famnd, Gas-Works. 

DALTOH*iN-Fi7xmMSy LiiuMshuf , • W. Jones, Gas-Woilu. 

I) ABLveTOir, Darium • • # # • • UnUism Smith, Oas- Works. 

„ „ •• •• ,« WiUism Hfldreth, OdOiery Ofiaes. 

„ „ .,..•• Sobert Smith, OaSoWorln. 

Dastfobd, Kent •• Ii. H. Green. 

„ „ William PiU Mflla, Oas-Works. 

DAmwKN ,, ,, Thomas Duxbnrj, Gas- Works. 

Deal, Kent • • • . , • • • • , W. B. Hammond, Gas-Works, 

■Denbt Dali, nsar HnddersfleU •# John Forbes. 

Debbt , •• ., ,• TnTin "nniil, Onn'Tnfriiirfir^Midlinfl HaJIwn^. 

„ .. .. • Charles Taylor, Gas- Works, 

„ •• James B. Goulson, 92, Friar Gale. 

DswsBuiiT, Yorkshire Charles Armitage, Gas* Works. 

DoNCASTEB, Yorkshire B. Bridge, The Plant. 

I, „ Wm. Walter Palethorpe, Gas- Wotks. 

DoncHESTER . . , William Osmond^ Gas-Woiks. 

BoBxiNo, Surrey . . • . • • • « Walter Philps, Hi^ Street. 

DoYEK, Kent .. ,, .• ., •• B. H. Jones (Jtf^wi. a/ Omn.), Gas-Woiks. 

„ „ .. •• •• •• ., John Donaldson, Gas- Works. 

DuoHLuroTON, Yorkshire • , • • William Stansfield, Gas- Works. 

Dbooheda, Ireland . . • • . • • • Michael Martin, Gas- Works. 

Dronfield, near Sheffield •• •• John Whitehead, Gas- Works. 

9f 9, .... Henry Singleton, Gas- Works. 

Dublin John Somerville, 17, St Andrew Street 

If • J.StaartSteTenson,73,SirJoh&BogenKm'8 

Quay. 

»» .f ^» f« William Daniel, 55, Mary Street 

DuMBA&TON, N.B James McGtilchrist, Gks-Works. 

DuKDTFiELD, Cheshire William Bridge, Gas- Works. 

DuicFBiES .. ,. ,, « Abraham Malam, Gas- Works. 

DuNDALK, Co. Louth, JreUwd • • William Shimeld, Gas- Works. 

Dundee, Foriar .• ,, ., .. B. M. McCrae, Gas- Works. 

DuNEDiN, Kew Zealand . • , • . , £. Geneyer, Gas- Works. 

DuNPEBMLiNE, N.B ,, .. William Mackenzie, Gas-Works. 

Ebbw Yale, Monmouthshire . . . . Thomas Henry, Gas-Works. 

Edinbuboh , . . . . t A. Donaldson, Bucdeuoh Street Works. 
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Edinburgh -"tfon^'fiWA^ t^lexander Mackay, Qrfwge Works. 

,9 , . . *I>T, Stevenson Macadam, Surgeon's Hall, 

91 fD. Bruce Peebles, Tay Works, Bennington. 

„ ...••,•... J. Reid, Edinburgh and Leith Gas Com- 

pany's Office, 8, George Street. 

,» . * * I John Eippen Watson, Edinburgh Gaslight 

Company'* Office, 25, Waterloo Place. 

„ t William Cowan, Bucoleuch Street Works. 

EeHAM, Surrey Thomas Webb, Gas- Works. 

Elland, Yorkshire • • . . . . . . B. Dempster, Gas Engineer. 

„ t, ..•,;.•« William Arthur Walker, Gas Office. 

„ „ ••...,,. fB'Obert Dempster, jun. 

I, ,i t John Dempster, Rose Mount. 

Elswick, near NewcasUe-on-Tyne . George Ridley, Gas- Works. 
Ely, Cambridgeshire • • . , , • W. Hardy, Gas- Works. 

Emswobth, Hants R. Douglas, West Grove House. 

Eton, Bucks Bartholomew Gay Venner, Gas- Works. 

ETRURiA,PoTTBBn», N.Staffordshire Samuel Robert Linging, Gas- Works. 

ExBTBR, Devon • • • Sidney Evance Stevenson, Basin Gas- Works 

„ , Thomas Dand, Linden Yale, St. David's. 

„ „ William Albert Padfield, Gas Office, Exe 

Island. 
„ „ , ,. fHenry Frederick Willey, 4, Longbrook St. 

FAntFOBB, Gloucester John Brown, Gas- Works. 

Falmouth, Cornwall Frederick Mole Harris, Gss- Works. 

„ „ Robert John Lukey, Gas-Woriis, 

Fareham, Hants James Tayler, Gas- Works. 

Farnlst, near Leeds, Yorkshire .. fA. Thorns. 

Farnworth nr. Bolton, Lancashire T. L. Sheppard, Gas Office. 

Favbrsham, Kent Robert Damey, Gas- Works. 

Fence Houses, Durham William Moor, Hetton OoUiery. 

Ferhot, Co. Cork E. Bamett, Barrack Gas- Works. 

FoLKVTONB, Kent • .. William Medhurst, jun., Gas- Woikf. 

„ „ J. Hoile, Gas- Works. 

Froxb, Somerset Henry Cockey, Gas- Works. 

j^ ,, fFrancis Christopher Cockey, Lron- Works. 

Glasgow • •• .. H. Bartholomew, Glei^orchard, near 

Glasgow. 

, Wm. Foulis, Gas Office, 42, Virginia Street. 

„ fDavid Laidlaw, Gas Engineer. 

N 2 
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OuiMOP, Oerlijdiire James Ddlc^iedi, Gw-Worics. 

Oi4>ircBTSK R. lfariiii<l| Ov-Wotls. 

GooLS, Toiksliire Geoiige Biekoton, Gas- Wcnb. 

GofPOBT, Hants Geo. B. Irons, Gas-Woriu. 

Gkamthax William Bairatt, Gas- Woiks. 

GBATiBBirD, Kent Silas Sowood, Gas- Weeks, Canal Bnsin. 

Gebat Budob, near Tipton . . . . tJoaeph Aird, Welling;toa Tube- WcnkB. 

GmsAT QwoBSBj, Lineolnshire .. M. Broadhead. 

„ „ .... James Jowett, Gas-Woifa. 

»t n .. •• J. Bioadhead, Gas-Wotks. 

GsxAT IfALTSBKy Woxoestershire. • J. E. Palmer, Gas- Works. 

Gbxat Taxmocth, NorCslk •• •• W. H. Willis, Gas- Works. 

Gbbbtwicv, Kent David Hunter, 2, Cambridge Tillns, Soath 

Street, S.£. 

„ „ Percy J. Wates, Pkoeniz Gas-WOTks. 

GinmrssT Thomas C. Crossley, Gas- Works. 

GuiLDFOBD, Surrey Wm. Loxigwortli, Gas- Works. 

Halifax, Yoikshire William Oanr (M$m. of Com.), Gas-Woiln. 

Haxtltok, Ontario, Upper Canada . Thomas LitUehales, Gas-Works. 

f, „ „ „ £• S. Cathels. 

Hamilton, N.B William Dunlop, Gas-Works. 

Hampton, Middlesex William Hammond, Gas Office. 

Hampton Wick, Middlesex . . . . Edward Price, Gas-Works. 

Harbooatb, Yorkshire Peter Haines Wilkinson, Gas Office, James 

Street. 

Habbow, Middlesex J. L. Chapman, Gas-Works. 

f» f John Chapman, Gas- Woiks. 

Habwich, Essex Charles Broadberry, Gas-Works. 

Hastings, Sussex A. H. Wood [Member of CommUieg), 

Gas-Works. 

Hawokth, Yorkshire James Bedman, Gas-Works. 

Hazblhubst, Turton, Lancashire . . fJas. Booth, Gas-Works. 

Hebdbn Bbidoe, Yorkshire . . , . John Uttiey Blackburn, Gas-Works. 

Hbcxmondwixb, Yorkshire .. .. Thomas Green, Gas-Works. 

»» $1 • • . . John Green, Gas-Works. 

Hblbnsbtboh, Dumbartonshire .. William Smith, Gas-Works. 

Hbndon, Middlesex William Porteous, Gas-Works, Mill Hill. 

Hbndon, Sunderland John Thomas Jolliffe, Gas-Works. 

Hbbbfobd William Davis, Gas-Works. 

Hbbnb Bat, Kent James Watson, Gas-Woiks, 

Hbbtfobd Robert William BreU, Gas-Works 
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Hbxhax, Northumbexlaiid • • • George Bogen, Oas-Wotlu. 

High Wtookbb, Bucks • • • • E. E. Phillips, Gas-Works. 

Hiooo, Japan •• R. Boss, Gas- Works. 

HoLTWooD, Ireland G. Drimmie, Gas- Works. 

HoNO EoNG, China Alexander Newton, Gas-Works. 

HoBNCASTLE, Lincolnshire •• •• Charles Dixon, Gas- Works. 

HoBNSEY, Middlesex H. J. Mitchell, Gas- Works. 

Horsham, Sussex Bobert Sheppard, Gas- Works. 

Houohton-lb-Spkino, Durham • . James Meiklejohn, Gas- Works. 

HvDDBRSFiELD, Yorkshire . . • • John Burgess, Gas- Works. 

„ „ William Oartwright Holmes, Iron-Works. 

„ „ Francis J. Burgess, Gas- Works. 

HiTLL, Yorkshire •• Fred. Wm.01dfield, Sutton, Southooates, and 

Drypool Gas-Works. 

HuTTON, Lancashire H. Hill, Gas-Works. 

Htde, Cheshire William Smith, jun., Gas-Works. 

Hythe, Kent Henry Manning, Gas-Works. 

„ „ . . . . Bobert John Sidle, Gas Office. 

>, ,» Geo. Culyer, Gas-Works. 

Ilfracombb, North Deyon •• .. Frederick Bussell, Gas-Works. 

„ „ .. .. F. B. Child, Gas-Works. 

Imyercaboill, Southland, New 

Zealand Wm. Daley, Gas-Works. 

Ipswich, Suffolk £. Goddard {TnuUs and Pott Freiident), 

Gas-Works. 

„ „ •••••••• D. Ford Goddard, Gas-Works. 

Jbbset Joseph Morris, Gas-Works. 

Ebtohlet, Yorkshire John Laycock, Gas-Works. 

KiDDEBMiNSTEK, Worcestershire . . Archibald Dougall, Gas-Works. 

Ktdsosote, Staffordshire • . John Dayis, Gas-Works. 

Ktldwick, W.B. Yorkshire . . . . John Garlick, Gas-Works. 

EiLKENNT William Henry Catlin, Gas-Works. 

King's Ltnn, Norfolk • • • • . • Arthur Graham Dow, Gas-Works. 

KiMGSTON-upoN-HvLL, Yorkshire.. Andrew Dougall, Gas-Works. 

Kingston-upon-Thambs, Surrey . . H. F. Packham, Gas-Works. 

KiBxcALDT, Fife A. Macpherson, Gas-Works. 

Lanaex, N.B L. Monk, Gas-Works. 

Lancaster W. Fleming, Gas-Works. 

Leamington, AVarwickshire . . . . William Cross, Gas-Works. 
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r> ff .* Biearj WboUIy Gm Oftec 

n y, John Aidge Spaike, 21, Yutorni 

99 „ ,m , lames Laptan, 6m OAeSy Bo«r 

y« „ Ia«ie Carr, Id, Crown Point Sow; HnMfei. 

, George iLSoiiBMRiy Gib- Wc 

^ », C. S. SoUBMRiy Ges-lTo^i. 
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Lswh^Smms.* Jokn HeuBood, OM-lfoifci. 

lAMeoLK ,, •• «» W, P. Tkvoriiy, Gw-WoAb. 

Lmttrtoff Co, Autrim^ Ireland . , Tboons TeOentire, Oms^WaAB, 

hrrrvKacmac^n, Kottrng^uoMhire . • Jolin CoAenit, (Hs^WoAb, 

Lrm^ooL*. WHUeai Kmg; Gaa Oftee. 

y, WiQiani Cleland, Gfla.Worki, linaera 

LtAsnycmro, HorUi Wile* «. .. Bobert Price, Gee- Woifau 

llJumLT, Soutli Welce Henrj Bobert H. Mertin, Gee-WoKks. 

Ldrsofir «« f Aird, Jolm, B^redere Soed, 



ff •# ** •• •• •• '■■*■ t^n»f 

weetanimtcT, S.W* 
ff fAndremp WiDiea Weid, Gee-Mete Co/e 

Works, 238, Xingelend Roed, S. 
ff #«.«•«»•.. •• Bedkler, H. McL., Europeen Gee Qficei 

II, Austin Frien,£.C. 
tf •* •• .. Beilcy, G. Daniel, Gee-Worke, Kenael 

Green, W. 

y, Billoirs, H. B., 29, Cemden Boad, N.W. 

ff •• •* • Botley, Cherlee Edweid, Weet London 

Junction Gee-WorkB» Wonnwood 

Scmbe, W. 
ft •••••••••#•• Breidwood, J. F., PhcBoix Gea-WOTkei 

Bridge Foot, Yanzhall, S.W. 
ft •••••• Brothers, Horatio, Gas-Worics, Kenael 

Green, W. [Connmon, E* 
,1 .. .. .. •• •. .. Carpenter, Stephen, Gas- Works, Bow- 
it " •* .* fChandler, Josiah, 104,NewingtonCausewey, 

S.E. 
»f fChandler, Saml., 104, Newington Causewaj, 

8.E. 

Chester, William Beginald, Gas-Worke, 

Greenwich, S,E. 
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JjfnnOK'-^miiiiHmd • i • i » < « . Chnroli, G. F., 5, Wilmingtoft Sqttare» W.C. 

»» • • » « • « t • • • . . Chmroh, J., 17b, Great George Street,WeBt- 

minster, S.W. 

i» »f *• •• •« .. •• Clark* Henry, Gas- Works, Great Cambridge 

Street, Hackney Boad, E. 

19 • •• I. Clark, John, Gas-Works, King's Cross, N. 

If »• •• •< •« .» ,. fColyer, F., Phoenix Engineering Works, 

Holland Street, Southwark, S.E. 

ff •• •» •• »* •, •« Croll, Col. Alexander Angus (PiM^PrM.), 41, 

Wool Exchange, Coleman Street, E.C. 

,a •• • • •» Crookenden, Isaac Adolphus, Phoenix Gas 

Office, 70, Bankside, S.E. 

„ • fCntler, Samuel, Proyidence Iron- Works 

HUlwall, £. 

,1 kt * . . . fDaries, Ferrand, 148, Gresham House* Old 

Broad Street, E.C. [Westminster, S.W. 

** • • Donaldson, Geo., 35a, Gt. Geotrge Street, 

f$ .. .. *• .. ». .. Dozell, Hy., 11, Austin Friars, E.C. 

II •• .• .. •• •» t* Earle, Norwood, 80, Cannon Street, E.C. 

f^ • • • • • • Farrand, F. F., 5, Falfield Terrace, Shakes- 

peare Boad, Acton, W. | 

,1 Gandon, Charles, Crysf^^ Palace District 

Gas- Works, Lower Sydenham, S.E. 

II tt I, • »• ^Glaisher, James, Blackheath, S.E. 

, ». Gore, H., 42, PentonviUe Hill, N. 

II •• •• • •• Quyatt, T., 41, Wool Exchange, Coleman 

Street, E.C. 

II ., •• •, • Harper,HenTy,Gas-Works,KensalGreen,W. 

II « • Harris, Bobt. (ifWfi. of Cbm.), Gas- Works, 

Bow Common, E. 

„ • ^Hartley, Frederick W.,65A,Millhank Street, 

Westminster. 

,1 I t. .. Hastings, Charles W., 8, Buckingham Street, 

Adelphi, W.C. 

i« »• •• •# Hathaway, H., Crystal Palace District Gas- 

works, Lower Sydenham, S.E. 

I, •• •• •• •• •• •• *Hawk8ley,Thomas(7ViM^Maif<; Pa«<PrM.}, 

30, Gt. George St., Westminster, S. W. 

II «• •• • Hawksley, Charles, 30, Gt. George Street, 

Westminster, S.W. 

I, «, II ,. I, ., ,, Hersee, Alfred (^tMftVor), Oriental Gas Com- 

pany's Office* 29, Great St. Helen's, E.C. 
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hovnov^^&niinusd Heney, T., 19, Abingdon St., Weetnuntter. 

„ Heney, Thos. C, Oas OiBoe, 6, Boyne 

Tenace, No1;ting HiU, W. [B.C. 

„ fHolman, S., 10, Laurence Pountney Lane, 

„ fHoTBley, Charles, 21, Wharf Boad, City 

Boad,N. 

„ Johnson, John, Qas Company's Office, 148, 

Ooswell Bead, E.C. 

„ Jones, Hodgson, 26, Ghreat George Street, 

Wesminster, S.W. 

„ , fKelly, Richard Boper, 69, Mark Lane. 

„ Keys, Bobert Peake, 52, Clifton Street, 

Finsbury, £.C. 

„ King, Bobert, 10, St. Mary Axe, E.C. 

, Kirkham,T.N., 19, Abingdon Street, West- 
minster, S.W. 

„ •• •• • Kitt, Alfred, Gas-Works, Lupus Street, 

Pimlice, S.W. [E.C. 

,> Lacey, J., Gas Office, 146, Goswell Boad, 

,f Laing, Bobert, The Limes, Upper Clapton,£. 

,t • • • Lass, A. {AudiUr), 30, Gracechurch Street, 

E.C. 

„ Liyesey, George T. (Ptui Prea, and M&m, 

of Fimmce Com,), South Metropolitan 
Gas-Works, Old Kent Boad, S.£. 

„ • . . . • Liyesey, F. (Bfem, of Com,), South Metro- 

politan Gas-Works, Old Kent Boad, S.E. 

9, •• •• • Mann, Wm., Pembroke Villa, Wellesley 

Boad, Gunnersbury. 

„ fManwaring, Joseph, 101, Cannon Street, 

E.C. 

„ . • « . Markham, T. T., 102, Fetter Lane, E.C. 

„ fMcDougall, James Thomas, 10, Mark Lane, 

E.C. 

„ McMinn, F. J., Gas-Works, Fulham, S.W. 

„ Methyen, John, London Gas Company's 

Works, Nine Elms, S.W. 

„ Mildred, M., 64, Bankside, S.E. 

„ Monson, Philip, Vestry Hall, High Street, 

Kensington, W. 

„ Morton, Bobt. (Past President), London Gas 

Company's Works, Nine Elms, S.W. 
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London— MM(Ni«#i fO'Neill, John W., 161, Palmenton Build- 
ings, E.G. [Axe, E.G. 

ff Ogg, D. W., 3, Jeffeiy'B Square, St. Mary 

„ Ohren, Magnus {Past Acting Pr$tident)^ 

Crystal Palace District Gas Go.'s Works, 
Lower Sydenham, S.E. [minster, S.W. 

„ Penny, Alfred, 20, Abingdon Street, West- 

H Pierson, Henry Samuel, Matilda Cottage, 

Chatham Bd.,'WandsworthCommon,S.W. 

„ Bichards,W.,ll,St.Miohaer8Koad, Stock- 

weU, S.W. 

„ Spice, R. P. (PM^PfMufen/), 21, Parliament 

Street, Westminster, S.W. 

„ fStephenson, Andrew, 161, Palmerston 

Buildings, E.C. 

„ Stephenson,H. P., 10., St.MaryAze, E.C. 

„ Steyens, Frederick James, 18, Southwark 

Bridge Boad, S.E. 

„ Steyenson, Geo. Wilson (rt«#-PrM. ^Jf^m. 

of Finanh Com,)^ 4, Westminster Cham- 
bers, \ictoria Street, Westminster, S.W. 

„ ♦Sugg, Wm. T., Vincent Works, Vincent 

Street, Westminster, S.W. 

„ fThomeloe, George, 57, Barbican, E.C. 

„ Upward, Alfred, 8, Queen Anne's Gate, 

Westminster, S.W. 

„ Walduck, C. E., 148, Gresham House, Old 

Broad Street, E.C. [Circus, E.C. 

„ fWalker, William Thomas, 8, Finsbury 

„ fWallace, B. W., Mark Lane. 

„ tWaller,George,Pha9nix Engineering Works, 

Holland Street, Southwark, S.E. 

„ Wates, Percy J., Phoenix Gas- Works, 

Greenwich, S.E. 

„ Williams, Alfred, 64, Bankside, S.E. 

„ Wilshaw, W. G., 8, Clemence Street, 

Burdett Boad, E. 

„ Wilson, A. P., 34, St. George's Boad, 

Southwark, S.E. [New Cross, S.E. 

„ Wilson, Wm. Purvis, 220, Malpas Boad 

„ Woodall, Corbet (Pa«< JPtmu^O) ^b<Bi^^ 

Gas- Works, Bridge Foot, Vauxhall, S. W. 



^ W.l. 

'.. « •BKk THCkf^ », Qni 8l 

#» » " •* •• lWi,lIoo 

MAM»mmmk»f Hirirdhiw ## *. «. WtHim Earf Bod, 5, Hi^ 

^ ^ Hfluj Oswald Ekkid^e, 

llu«4 .^ ,» •* *« ,« «* Williaai J. Joooy Gas-WoriES. 

MAMCKmnat ,, ,, Hcmy XevaU (IVavter avd lyaaMnar), 10, 

Munatn Street. 
^ ## ## #*•• xLtoTf LjoDy Barton. HJonaCy DeaiHigBiB 

^^ « /aaea Braddock (JTm 0/ <3m.)> <^«^ 

Worki, Bodbdale Boad. [CityBoad. 
#» «* •* «# *« William Brown, Yietoria Foondrj, 43, 

y, ,, «« t Aleyander M^DongaB, jmu, 68, Port Street 

ff *• tD.Miirpltj,aarT8tt Street Worio, Oldham 

Boad. 
tf ••««>«•••• Tlumiai Newbiggiiig, 5, Norfolk Street 

ff ,,,,,,»•»* fPafid Yineent Stenart, Albert Chemical 

Worka, Bradford. [Traffind. 

ff •* •. Wm. littlewood, 1, Lanadowne Villas, Old 

ft . . . . • « . . . • Samuel Barratt, Gaa- Works, Gaythom. 

M « . * » , . , . . • fGeo. E. Davis, 87, Barton Arcade. 

tf « » . . fJohn Woodward, Engineer. 

Makoatb, Kent • • • ,, Frederick Doughty, Gas- Works. 

Makliiokovoh, Wiltshire •• .. Joseph Phelps, Gas- Works. 
MiiiTiiyii Tyoyxl, Glaniorganshire John Lees Cocker, Gas- Works. 

MiWMiifA, Sioily Hilary Thomas Annis John, Gas- Works. 

MiODX^MiiOAOVOiiy Yorkshire . . • • John Dunning. 

ff ),•••# John Booth, jun., Gas- Works. 
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MiDDLESBOAOUGH, Torkahiro . • . . fS. A. Sadler. 

MiDDLBTON, Lancashire Darid Allan Graham, (}as- Works. 

„ „ Christopher L. Hartley, Gas-WotkH; 

MiDDLBwiCH, Cheshite Peter Hancock, Gas-Works. 

Milan, Italy C. "W. Jones, Gas- Works. 

MiTCHAM, Surrey Benjamin Green, Gas- Works, 

Monmouth, Mon Thos. Brace, Gas and Water Works. 

MoNTB ViDBO, Brazil « W. R. Jones, Gas- Works. 

MoBECAMBB, Lancashii^ William Duff, Gas- Works. 

MoBLBY, near Leeds William Croft, Gas -Works. 

Moscow, Russia >• » Frederick Leslie, Gas- Works. 

„ „ T. Parks, Gas-Works. 

Nantwich, Cheshire John Davies, Gas-Works. 

Nbath, Glamorganshire C. S. EUe^r, Gas-Works, 

Nbw Babnbt Thomas Henry Martin, Gas-Works. 

Nbwcastlb - TTNDBB - Lymb, Stafford William Winstanley, Gas-Works* 

Nbwcastlb-upon-Ttnb • William Hardie, Gas Office. 

,^ f Charles John Potter, Retort Mann&cturer. 

,, fWm. Richardson, Hehbum Colliery. 

,, t John Richd. Young, 3, Abbotsfotd Terrace, 

Moor Edge. 
Nbw Malton, Yorkd .. .. .. Henry Tobey, Gas-Works. 

Nbwmabkbt, Suffolk Thomas WUkinson, Gas-Works. 

Newpobt, Isle of Wight . . . . , . Joseph Reed, Gas-Works. 

J^BWPOBT, Mon Thos. Canning, Gas-Works. 

Nbwbt, Ireland John Marsland, Gas-Works. 

New Swindon, Wilts John Joseph Jervis, Gas-Works. 

Nbwton Abbot, Devon Wm. Hy. Roberts, Gas-Works. 

Newtown, Montgomeryshire . . • • James Edmond, Gas-Works. 

New WoETLBY, near Leeds .. .. T. Banbury Ball, Gas-Works. 

New Yobk, U.S.A.. ♦G. Warren Dresser, 42, ]?ine Street. 

NoBTHAMPTON Johu Euusou, juu., Gas-WofkB. 

NoBWiCH, Norfolk John Ayris, Surrey Street. 

Fred. E. Linging, Gas-Works. 

NoTTTNOHAM M. H. Loam, Gas-Works. 

Henry Warsop, Gas-Works, East Croft. 

Oakknoates, Salop Geo. Parker, Gas-Works. 

Oldham, Lancashire John Chadwick, Gaa- Works. 

t Joseph Braddock, Globe Meter Worki, 

Wellington Street. 

Henry Thomas, Falcon Street. 



n >» 
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Q£nusf»l4HMMU».. •• •• •• fBobflfft HcwtoB, UOM 

9, „ fDnid OoM, 6m Mete Woria» Fkdc St. 

Ou» SwmNnry Witts JoMfh Gh^ Aifaton, Gm- WoAs. 

OrMno, Pottagil .• .. •• .. H. M. Lsjazd /odo^ Gm- Woska. 

Okmhukk, TiiOTMirifc Jolm Mntin, Gw-Wofki. 

OMSiTy TotUdre Hearj Less, 6m- WoriciL 

Otimrnnr, Mop •• •• •• •• Janci Hemy Pamnii Gm- Wods. 

OKLSTyiictf Leeds George EdMD, Gas-WodcL 

OxfOKD •• •• •• •• •• *Dr. Wnu Odlmg, F.HJSu 

PApmAM, Lsnfsdrire Joeef^i fiichflid Smifli, Gas-Wdxfcs. 

pAisLBT, Eenfrewshire deorge B. Hlslop, 6as-Wbil9. 

Paxis, Frtnee ^Emile Dnnmdy 72, Fnboaig Montmartre. 

,9 ,, .. • Dimitri Mflnnier, 67, Bee Pigafle. 

,^ ,, •Alfred MaUet, 54, Boolenudde la YiUette. 

„ ff • ^Eog^iie Lebon, 15, Bae Dxouot 

,, y, ** •• •» .. .. *£doiiard8erTier, 18, BaedeManbeage. 

Vmkmjtu, Cumberland Edward Sbaiill, 6as- Works. 

Pebwambuoo, Brazil.. Charles A. Crareii, 6as-Woiks. 

„ ff T. Holmes, Gas-Works. 

pOTBEBOBOtroH, KortluunptoDshire. • G. Ernest Sterenson, Gss- Works. 

Ficrrov, Nora Scotia J. D. Meniman, Gas- Works. 

Pltxovth, Deron •• • J. T. Browning, Gas- Works. 

„ ,1 .. •• •• •• fW. Harrey, Laim Works. 

PtTMFTOW St. Ma&t, Devon . • • . John Harris, Gas- Works. 
PoHTTFBiDD, Glamorgan • . . . f John Calyert. 

PooLB,. •• • John Badden, Gas- Works. 

PoBTADOwv, Co. Armagh •• •• Wm. Tait, Gas- Works. 

PoBTisuBJkD, Somerset Atchason Y. Daniel, Gas- Works. 

PoBTLABD, Dorset G. B. Waters, The Groye. 

FoBTSBA, Hants John Douglas (Fu^PrMuidn^), Gas- Works. 

„ „ T. B. Crook, Gas-Works. 

Pbbsoot, Lancashire James Turner Hall. 

„ „ William Frescott, Gas-Works. 

Pbbstok, Lancashire Henry Green, Gas-Works. 

Pbixvobs Bisbobouqh, Bucks . • . . J. W. Doyer, Gas-Works. 

Qubbnstcwn, Ireland • Andrew Donaldson, Gas-Works. 

Bainhtll, Lancashire Thomas Helling, Gas-Works. 

Bamsoatb, Kent WilllamA.Valon, Gas- Works. 

„ , T. C. Fuller, 2, St. Mary's ViUas, The Elms. 

Bbadxno . . • • Edward Baker, Gas-Works. 
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Redcar, Yorkshire George Wright, Gas- Works. 

Redditch, Worcester Thomas Layton, Gas- Works. 

Red Hill, Surrey Charles Read, Gas- Works. 

Richmond, Surrey James Eldridge {Memb, of Finance Com.)^ 

Gas- Works. 

„ „ Edmund Bates Blott, Gas- Works. 

Richmond, Yorkshire R. Jackson, Gas. Works. 

Rio de Janeibo, Brazil John Ohren, Gas- Works. 

RiPON, Yorkshire Geo. Irvine, Gas- Works. 

Rochdale, Lancashire T. 0. Paterson, Gas- Works. 

Rochester, Kent William Syms, Gas- Works. 

), „ George B. Yanheson, Gas- Works. 

Romford, Essex W. D. Child, Gas- Works, South Street. 

Roscommon, Ireland James Dunn, Gas- Works. 

Ross, Herefordshire James Harris, Gas- Works. 

Rotherham, Yorkshire James Goodwin, Gas- Works. 

Rugby, Warwickshire Peter Simpson, Gas- Works. 

Runcorn, Cheshire J. R. Frith, Gas- Works. 

RtDE, Isle of Wight George Gamett, Gas-Works. 

Saffron Walden, Essex .. .. Charles Wright, Gas-Works. 

St. Albans, Herts Arthur Frederick Phillips, Gas-Works. 

St. Annb*s-on-the-Sea, Lancashire Thomas Stormonth, Gas-Works. 

St. Helen's, Lancashire Edward Dyson, Gas Office. 

„ „ Joseph Hall, Gas-Works. 

St. John's, Porto Rico J. E. Steinacher, Gas-Works • 

St. Mart Church, Devon • . . . Thomas Evans, Gas-Works. 

St. Thomas, Dutch W. Indies . • David Stiven, Gas-Works. 

Salford Samuel Hunter Gas-Works. 

Salisbury Thomas Hardick, Gas-Works. 

Saltaire, Bradford William Ambler, Gas-Works. 

Sandown, Isle of Wight . . • • . . Robert Marr, Gas-Works. 

Sandwich, Kent William Wells Woodruff, Gas-Works. 

San Felipe, Chili Edward Brickies, Gas-Works. 

Santiaoo, Chili George Hudson, Gas-Works. 

Scarborough Wm. James Moon, 16, York Place. 

Seaham Harbour, Durham . • . . J. Whyte, Gas-Works. 

Selby, Yorkshire . • • Thomas Bell, Gas-Works. 

Shaftfsburt, Dorset Ernest Yates, Gas-Works. 

Bhbxrnbbs, Kent W. T. Carpenter, Gas-Works. 

Sheffield, Yorkshire Wm. Fergusson, Gas-Works, Neepsend. 
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Shbffisld, TorkiUre Wm. Watson, Oas-Worki, Effiiigliam St. 

„ . „ Wm. Parlby, Oas Office. 

„ H •••••• Wm. Bomans, Oas Office, Commeroial St. 

Bnaiiovini, Dorset T. W. B. White, Gas-Works. 

Shipley, near Leeds William Wright, Alexandra Road. 

Shotlst B&idob, Durham • . • • Thomas Bruce, Gas- Works. 
SHBVWBBrBY, Sslop .. •• . . , . 6. B. Darwin, Gas- Works. 

„ „ •.,«•, Thomas Walton, Gas- Works, 

SiLTBRTOwN, North Wool vioh • • John Wilton, Gas- Works. 
Skifton, Yorkshire • . • , , • . . 8. Farej, Gas- Works, 

Slbafobd, Lincolnshire Thos. Hy. Bouttell, Gas- Works. 

SiCTBKA, Turkey H. W. Andrews, Ottoman Gas- Works. 

SouTHALL, Middlesex G. G. Shone, Brentford Gas- Works. 

SoxTTUAMPTON, Hauts . . . . • . S. W. Durkin, Gas- Works* 

South Bank, Yorkshire J. S. Nicholls, Gas- Works. 

„ „ H. Harkewitz, Gas Office, 

SoTTTHPOBT, Lancashire Bobert Iddon, Gas- Works. 

„ „ F. Pritchard, Gas- Works. 

South Shiblds, Durham • • . . W. J. Warner {President}, Gas- Works. 

„ „ •• .. William Belton, 5, Bayensboume Terrace. 

„ „ • . • • John Harper Penney, Gas- Works. 

SowxBSY Bbidoe, Yorkshire . . , . G. £. SayUle, Gas- Works. 

Sfaldino, Lincolnshire John Woodward, Gas- Works. 

Stapfobd John Storer, (Mem, of Cbm.), Gas* Works. 

Stalybbidoe, Lancashire • . . • B. Hunter, Gas- Works. 
„ ,, ...... fThomas Lock wood. 

Stogkpobt, Cheshire James Jacques, Gas- Works. 

Stockton-on-Tbe8, Durham . . . . William Ford, Gas- Works. 

„ . . . . t W. Ashmore, Hope Iron- Works. 
„ „ . . • • Bobert Ford Gloag, Gas- Works. 

Stokb-on-Tbbnt, Staffi>rdshire . . John McMillan, Gas- Works. 
Stoubbbidob, Worcestershire.. .. William North, Gas- Works. 

„ „ .... fBenjamin Gibbons, jun., Dibdale Betort- 

„ „ .... fWm. Corbetl. [Works. 

Stbatfobd-on-Aton, Warwickshire Job Seymour Cranmer, Gas- Works. 

Sxn>BUBY, Suffolk Charles William Grim wood, Gas- Works. 

Sxjnbuby-on-Thambs, Middlesex . . John Smith, Gas- Works. 

SuNDBBLAND, Durham John H. Cox, Gas Office. 

Sutton, Surrey P. Mead, Gas- Works. 

„ „ C. Boper Mead, Devon Lodge, Grova Boad. 

Sutton-in-Aah7ield, Notts . . . . W. A. Plumbe, Gas-Works. 
SwAMSBA • Thornton Andrews, Gaa- Works. 
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SwiHDOifi WUt« , . . Jtenry Hunt, Gm* Works, 

Sydney, New Ho^fli Walei , . . . T. J. Bush, Gas-Worlw, 

„ „ •• .. William Henry StephoQj Gas-'Workfl. 

Tahwobth, Staffordshire.. .. .. Thomas Bull, Gas- Works. 

„ „ . • . . E. Sapey, GkuhWorks. 

TjLUNTON, Somerset A. J. Edwards, Gas- Works. 

Tayistook, Devon C. Terdrey, Gas- Works. 

Tknbury, Worcestershire .. ., William Ashley, Gas- Works. 

Thobnb, Yorkshire Henry Peeks, Gas- Works, 

TiYEBTON, DoYon William Guthbert Bennett, Gas- Works, 

ToDMOBDEN, Lancashire H. A. Coles, Gas- Works. 

ToBQUAY, Devon James Greenfield, HoUaoomhe, Paignton, 

Tottenham James Randall, Gas Office. 

„ W. H. Broadberry, Gas- Works. 

Tbaleb, Ireland James Surl, Gas-Works. 

Tbedeoab, Monmouthshire . . . . Henry F. Wells, Gas-Works. 

TBOWBBn>OE, Wilts Henry Sainsbury, Gas-Works. 

Tbubo, Cornwall Jas. Greenaway, Gas-Works. 

TuNBRiDOE Wells John Bead, Gas Office. 

„ Geo. Scott, Gas-Works. 

TuNSTALL, Staffordshire Samuel Watson, Gas-Works. 

Ulyebston, Lancashire J. Hodgson, Church Walk. 

UxBBiDOE, Middlesex John Eussell, Gas-Works. 

„ „ •••... Edwin Cotton, Gas-Works. 

Uttoxbteb, Staffi)rdshire Stephen Murray, Gas-Works. 

Ventnob, Isle of Wight John G. Livesay, Gas-Works. 

„ „ Wm. T. Leach, Gas and Water OiBoe, 

Vienna, Austria • J. Pazzani, Gaa- Works, ^elyedero, 

Wadebbidoe, Cornwall . . . . • • John Martyn, Gas-Works. 

Wahbino, Vienna, Austria . . . . J. E. Bengough, jun., Gas-Works. 

Wakefield, Yorkshire John William Whitaker, Gas-Works. 

„ „ George Hart, West Biding Asylum. 

Wauceb, near Newcastle-on-Tyne Thomas Forrest, Gas-Works. 

Wallabey, Cheshire Edmund H. Harris, Gas* Works. 

Wauball, Staffordshire John Tindall, Ghis- Works. 

Waltham, Essex Harry Townsend, Gas-Works. 

Wandbwobth, Surrey John Middleton, Gas- Works. 

y, ,y Hy. Somerson Freeman, Gas-Works. 

Wabs, Herts B. P. Thomas, Gas-Works. 
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.. .. Jm. Pktenoa (Bat li w i imO f QMM-Wmkm. 

.. .. WiHer Lewiff Oopp, Gai-WoEki. 

WKLLcrGTCv, SoBcnci Hemy O. Ctowe, Ow-Woiks. 

Wills, SoMenet C. BrowB, Om-WoHU. 

WBTGowB.UeorWis^ .. .. Alfred Baton, Unkm Honw. 

Wbt HianfrooL, Dmliai .. .. Thonai Trewliitt, Gas-Warfa. ^ 






Wkoquh IrdflDd Jolm Lyne, Oai-Woiln. 

WxTHouTH, DoEMt Thooiai Stooe, Om- Wodu. 

WKncKuacH, Shnpibiie .. .. Gharici FradoidL HaaMdl, Gat- Woiks. 

WHonum, GnmbedaDd .. .. Shadnwli Stndholm, Gai-Worika. 

99 91 • • • • George Cotlav New Gas- Woriu- 

WHiTwoaxH, Lanetahiia EdanmdLotd, Oas-Wocfci. 

WiOAX, Lancaahin J^- G. Hawkiniy Gas-Worka. 

„ ,, Thomaa Smifli, 17, Kmg Stieet. 

WiLLDiGTOH QuAT, Newcartle-i^oa- 

T^ne . . • . t Addiflon Fetter. 

„ ,9 Geo. A. Allan, Gaa-Worka. 

WoiGHBSTES, Hants William Upton 'nnne79 Gaa-Wocla. 

Wixneoii, Bericahire James Wadeaon, Gaa-Worka. 

WnrsFOBD, Cheshire Hy. Ward Cartery Gaa-Worka. 

WoLTERHAMFTON John Annan, Gsa-Woika. 

W0LTEBTOK9 Bucka Bobert King, Stratford Bead. 

W00DVOBO9 Eaaez Allan Brown, Gaa-Woika. 

WooLTON, Laneaahire H. Hatch, Gas-Worka. 

Woolwich, Kent William White, EqnitaUe Gas- Woika. 

„ „ James Hunter, ConsomeEB' Gas Company'a 

Works. 

WoBCBBTEK Joosh Deakes, Gsa-Works. 

W0BK8OF, Nottinghamshire •• .. William Batea, Gas-Worka. 

WoRTHnro, Sussex J. Richmond, Gas- Woiks. 

Wbezham, Denhigh Thoe. Walker, Gas-Worka. 

YxoTiL .. .. •• £. Howell, Gas- Works. 

ToBX G. Sellers, Gas Office. 

TsTSADyBhonda Valley, Glamorgan- 
shire £. S. Pike, Gas- Works. 
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E U L E S. 



Name, 

1. This Institution shall be called **The Benevolent Fund of 
THE British Association of Gas Managers." 

Object 

2. The object of the Benevolent. Fund is to afford assistance to 
necessitous members of the British Association of Gas Managers, 
and their families, and to the families of deceased members, or to 
any one, or to the family of any one, who may have been a member, 
whether such member shall have been a contributor \Jb the Bene- 
volent Fund or not. 

Capital and Income, 

3. The fund shall be supported by means of Donations and 
Bequests, and Annual Subscriptions of not less than ten shillings 
and sixpence. 

4. All donations and bequests received or promised prior to 
May 1, 1877, shall be considered as capital, and shall be invested, 
in the names of the Trustees of the British Association of Gas 
Managers' Benevolent Fund, in Government oi in East India Secu- 
rities, or in Bank of England Stock, or in debentures or guaranteed 
stock of any railway, or gas company, or water company, in Great 
Britain or Ireland or in India, paying a dividend ; and no part of 
Ruch funds so invested shall be withdrawn from capital, except by 

o 2 
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a resolution authorizing such withdrawal passed at a General Meet- 
ing of the contribntors specially convened for the purpose. 

5. All donations and bequests received or promised, subsequent to 
April 30, 1877, shall, unless otherwise directed by the donors, be 
available for aflFording assistance to the persons eligible to receive 
such assistance, subject to the limitation contained in Eule 8. 

6. All alinual subscriptions, and all dividends and interest arising 
from capital, shall be considered as income, and shall be applicable 
to the payment of grants and the assistance of applicants, and to 
the payment of necessaiy charges and expenses. 

7. The accumulation of income, unexpended donations, and 
bequests (if any) which may accrue from year to year, after pay- 
ment of all the grants and other charges and liabilities of the 
fund, may in the discretion of the Committee of Management be 
invested. 

8. The Committee of Management may, out of donations, be- 
quests, and income, apply in assistance in the first year a sum 
amounting to the income of that year ; and in subsequent years a 
sum not exceeding twice the income of any preceding year, as 
defined in Rule 6; and it shall be competent for any Greneral 
Meeting to authorize the application of a larger sum. 

Privileges of Contributorm, 

9. The following contributors to the fund shall be entitled to vote 
at all General and Extraordinary General Meetings, and for the 
election of the Committee by ballot, as follows : — 

Annual subscribers of not less than ten shillings and sixpence 
shall have one vote for every ten shillings and sixpence sub- 
scribed ; and donors of not less than £5 in one payment 
shall have one vote lor every .£5 so given. 

10. Votes may be recorded either personally or by proxy upon all 
questions, excepting the election of the Committee of Management, 



199 

and for such election they may be recorded by delivery to the 
Scrutineers, either personally or through the Secretary, of a list 
issued by the Committee under Eule 30 of the British Association 
of Gas Managers, after erasure or substitution, by the voter, of 
names thereon in accordance with the conditions named therein. 

11. Annual subscriptions shall be payable in advance on the 
1st of January in each year, and no subscriber, whose subscription 
is in arrear, shall be entitled to any privileges as to voting. 



Committee of Maiiagement 

12. For conducting the affairs of the fund there shall be a " Com- 
mittee of Management" consisting of the President for the time 
being of the British Association of Gas Managers as chairman, and 
six other members, elected in accordance with Rule 10, three to form 
a quorum. The Committee so elected shall hold office ft>r three 
years, at which time they shall retire, but be eligible for re-election. 

13. The Committee of Management shall have full power to make 
grants and afford assistance to any necessitous member or members 
of the British Association of Gas Managers, or to their families, or to 
the family or families of any deceased member or members ; also to 
any one who may have been a member, or to the family of such person, 
whether such person shall be or shall have been a contributor to the 
fund or not ; and the fact of having been a contributor to the fund 
shall not in any case constitute a claim to participate in it, but the 
cases of those who have been contributors to the fund shall receive 
prior consideration, other circumstances being equal. Any attempt 
on the part of an applicant to canvass either the Committee or 
the members generally, shall render such applicant ineligible for 
assistance. 

14. The Committee of Management may for the conduct of the 
affairs of the fund from time to time make such regulations, not 
being inconsistent with these Rules or with the Rules of the British 
Association of Gas Managers, as they shall deem expedient. 
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15. The mode of application for grants and assistance, and the 
nature of the recommendations to be required in support thereo:^ 
the qualifications and merits of the applicants, the amounts of the 
grants in individual cases, and also the purposes to which such 
grants shall be applied, and the advisability of their renewal, shall 
in every case be left to the determination of the Committee of 
Management. 

16. The Committee of Management shall have power to make 
investments in the names of the Trustees. 

17. The Committee shall not make any grants or payments hy 
which the donations, bequests, or income of future years shall he 
anticipated or appropriated. 

Meetings, 

18. — A General Meeting of the contributors to the fund shall be 
annually held on one of the days appointed for the meeting of the 
British Association of Gas Managers, and at such meetings a report 
of the Committee shall be presented, containing the names of all the 
contributors to the fund, a statement of the number and amounts of 
all the grants made and assistance afforded during the past year up 
to and inclusive of the 3l8t day of December, and of the general state 
of the fund on the last-named day ; but it shall not be necessary to 
publish the names of the applicants for, and the recipients of, the 
assistance afforded by the fund, and the accounts shall be produced, 
certified by the auditors of the British Association of Gas Managers. 

19. — An Extraordinary General Meeting may be caUed as often 
as the Committee shall deem necessary, and also whenever the 
President shall be required in writing to do so by twenty con- 
tributors to the fund, specifying the object for which they desire 
such meeting to be called, but no business shall be transacted at 
such meeting, or at any adjourned meeting thereof, other than that 
specified in the requisition. 

20, — ^The presence of at least ten contributors to the fund shall 
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be necessary for the transaction of business at either a General or an 
Extraordinary General Meeting, and if that number be not present 
within half an hour of the time appointed, the contributors present 
may adjourn the meeting to any day not more than thirty days 
from fche day of the original meeting. 

21. — All questions introduced at any General or Extraordinary 
General Meeting shall be decided by the votes recorded in accordance 
with Ride 10, and should the votes be equal, the Chairman may 
give a casting vote. Provided always, that no motion for altering 
the objects of the fund, or for diverting any portion of the funds 
from the purposes herein specified, be adopted, unless at an Extra- 
ordinary General Meeting summoned for the express object of 
discussing such motion, and unless the same be carried by a 
majority of at least three-fourths of the votes given at such meeting. 

Secretary, 

22. The Secretary of the British Association of Gas Managers 
shall be the Secretary to the fund. 

Auditors. 

23. Hie Auditors of the British Association of Gas Managers shall 
be the Auditors of the fund. 

Bankers, 

24. The banking account of the fund shall be kept at a bank in 
the Metropolis to be approved by the Committee, and the first 
bankers shall be the London and County Bank. Lambeth Branch. 

Trustees, 

25. Three Trustees shall be appointed at the first Annual General 
Meeting, in whose names shall be invested all the property of the 
fund, except such as shall be from time to time in the hands of the 
Committee ; and when any vacancy arises it shall be filled up by a 
General Meeting to be specially convened for the purpose, and the 
remaining Trustees shall immediately transfer all property and funds 
into the names of themselves and the new Trustee. 



2$. Efteh af the said Trnfit^::8 dull be ehs^^Tjle onlj lor snch 
r^AMTCy fnnds, znfl eeciuities as he shall actnallr reoeiTe, nohrith- 
i;taiidmg lus i^igiiing anj reseeipt for the aake of eonformitr, and 
shall be answerable and aeeaantable onl j for his own acts, reoeiptB, 
neglects, or defmltSy and not for tbose of the other Tmstefs, nor 
tor soj Banker, looker, or other person with whom anj trust 
rofmejn or securities maj Ije deponled, nor lor the insnfficiencj or 
defidenej of the said moneys, Cnnds, or secuities, nor fen* anj other 
loss, miless the same shall happen throi^ his own wilM neglect 
or definilt. 

27« The Tmstees shall from time to time pay over the diridends, 
interest, and annual income arising from the propertj of or belong- 
ing to the fund, to, or permit the same to be leceired br, the 
Committee of Bianagement for the time being. 



BENEVOLENT FUND. 
LIST OF SUBSCEIPTIONS & DONATIONS 

Paid during the Year ending December 31, 1877. 



«S/'^« V/ ^^^^V#^ ^^^^ W"VX/\/X/V/%<*^'X/Vrv/\« ./>^\^\^%tf v^v^^^\^\y^-\ 



Name. AddrtM. 

Ambler, W Saltaire . . . 

Aird & Sons, J. ... London . . . 

Andergon, Gt London . . . 

Aird, J Great Bridge . 



For the ButacrlptioM. I>oiiatioiii. 



BoweUf H Cardiff . . . 

BaU, T. B New Wortley. 

Bickerton, G Goole . . . 

Brett, B. W Hertford . . 

Breillat, B Bristol . . . - 

Botlev, C. E Wormwood Scrubs 

Broadberry, W. H. . . Tottenham . . 

Booth, ran. J Middlesboron^h . 

Bryan, £j. ...... Beverley . . 



Church, J London . . . 

Cutler, G. • Whitehaven . 

Church, G London . . . 

Gross, S . Abergavenny . 

Coombs, J. A Cheltenham . 

Darwin, J. M Longton . . 

Dixon, C Homcastle 

Damey, B Faversham 

Doughty, F Margate . . 

Dempster, B Elland . . . 



Edmond, J Newtown . . 

Elliott, J. ...... . Ludlow . . . 

Edwards, A. J Taunton . . 

Ely, J Abingdon . . 

Frith, J. B Buncom • . 

Farrand, C. v* . . . . Croydon . . 

Fartand« F. F u Acton . . . 

Fomivail, G. S. ... VBradley Green 
Fuller, T. C Bamsgate . . 

C%rri«d forward 



Year. 

1877 



It 



1877 



1877 
1878 
1877 

1877 

1877 

it 

1877 

1*78 

1877 

II 

1877 

ti 
If 
II 
It 

1877 

It 
1878 

1877 

1878 
1877 

II 
II 
II 



£ a. d. 

10 6 
5 5 

110 



110 
10 6 
10 6 

10 6 

10 a 
10 6 

110 
10 6 
10 6 
10 6 
10 6 

10 6 

10 6 

10 6 

10 6 

8 8 

10 6 

10 6 

10 6 

10 6 

110 
10 6 
10 6 

110 
10 6 



£ a. d. 

105 
52 10 



— 10 



6 
2 2 



£2i 18 6 £174 12 
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Addrai. 
Brooffht forward 
Grimwood, C. W. . . . Sadbnry . 

Oood, B Carshalton 

Ooddard, E Ipswich. . 

Oanxett,G Byde. . . 



Horsley, C 

Hunter, B 

Hunt, C 

Howell, £ 

Hunter, S 

Hepworth, J 

Hepworth, J., aFriendper 
Hammond, W. B. . . . 

Hancock, P 

Hunter, J 

Hartley, F. W 

Hialop, a. B 



London . . 
Stalybridge 
Birmingham 
Yeovil . . 
Salford . . 
Carlisle . . 
Carlisle . . 
Deal . . . 
Sandbach . 
Woolwich . 
London . . 
Paisley . . 



Irons, G. B Gosport. 

Jones, B. H Dover . 

Jolliffe, J. T Hendon , 



Lass, A London . , 

Livesey, G London . . 

Lord, E Whitworth 

Legg, H Ossett . . 



Marr, B Sandown . 

Murray, S Uttoxeter . 

Mead, F Sutton . . 

May, T Canterbury 

Mossman, T W. Hartlepool 

Mildred, M London . . 

Martin, J Ormskirk . 

Murphy, A. M Cirencester 

Macnie, J Londonderry 



Niven, J. . . - . . . . Clayton 



Osbom, G. H Bromley . 

Ohren, M Lower Sydenham 

Ohren, J Bio de Janiero 

Oakes & Co., J Alfreton . . 

Parsons, J. H Oswestry . . 

Parsons, W Atherstone . 

Paterson, J. . . . . . Warrington . 

Penney, J. H South Shields 

Phelps, J Marlborough . 

Peebles, D.B Edinburgh . 

Proud, T Birmingham . 

Packham.. H. F. ... Elingston . . 



Beeves, J. S Bilston . . . 

Bussell, J Uzbridge . . 

Biley, F Bishop's Stortford 

Bussell, F Ilfracombe . 

Bandall, J Tottenham . 

Bichmond, J Worthing . . 

Boss, B Hiogo . . . 



Portlie BvlMcripiioBs. DoiiatloBS. 
Temr. 40 •. d. £ a. d. 

24 13 6 174 la 



1877 






1877 



11 
11 



\^ni 



11 



1878 
1877 



1877 

1877 
It 

1877 

11 

11 

1877 

11 
11 
11 
11 
11 
11 

1878 

1877 

1878 



1877 

11 
11 
11 

1877 
11 

1877 
11 
11 
11 

1877 



10 

10 

1 



6 
6 




10 
6 




5 








25 
5 5 



5 
5 



10 6 

110 

10 6 

10 6 



10 6 

10 6 

10 6 

110 

— 5 5 

10 6 

110 
10 6 

110 
110 

10 6 

10 6 

10 6 

10 6 
110 

10 6 

10 6 
110 

10 6 

10 6 

10 6 

110 

10 6 

— 5 

— 6 

— 76 



10 6 
10 6 
110 
10 6 
10 6 

110 
110 

10 6 

10 6 

10 6 

10 6 

10 6 
10 6 



5 



2 2 



Carried forward A*68 6 £827 9 
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Name. 



. .. For the BnbtcriptioDt. Donations. 

Address. year. £ s d. £ s. d. 

Brought forward 63 6 



327 9 



Shaul, E Penrith 

Sainsbnry, H Trowbridge 

Stevenson, G-. W. . . . London . . 

Stansfield, W Exeter . . 

Spice, B. P London . . 

South Shields Gas Co. . South Shields 

Stephenson, H. P. . . London . 

Smith, J. B Padiham 



Travers, T Cork . . . 

Thomas, B. P Ware . . 

Trewhitt, T West Hartlepool 

Valon, W. A Bamsgate . . 



Wadeson, J. . . 

Wright, W. . . 
Waller&Co., G. 

Webb, T. . . . 

Warner, W.J. . 

WiUis, W. H. . 

Whnhurst, H. . 

Walker, W. A. . 

Woodall, C. . . 

Wilkinson, T. . 

Waters, G.B. . 

West, J. . . . 



Windsor . . 
Shipley . . . 
London . . . 
Egham . . . 
South Shields 
Great Yarmouth 
Andover . 
Elland . . 
London . . 
Newmarket 
Portland 
Maidstone . 



1878 
1877 
1877 

}» 

)) 

1877 
1878 

1877 

a 
a 

1877 
1877 

yy 
ii 



%y 



1 1 











10 


6 








1 1 





20 








10 


6 








1 1 





10 












6 


6 





1 1 











10 


6 








10 


6 








10 


6 








10 


6 








1 1 











10 


6 








10 


6 








2 2 











10 


6 








— 




6 


6 





10 


e 








10 


6 








10 


6 








2 2 











10 


6 








10 


6 








1 1 












£70 17 6 jed67 19 
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CLATTOX AKS 00., TKMPLK PRtNTIKO STORKS, 
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